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SUMMARY

Mechanical instability of a helicopter range extension system utilizing
hinged wing fuel tanks has been investiguated for acceptable characteris-
tics on ground and in the air. Ground instability is studied for the
H-21, H-25, and H-34 helicopters with wing tanks through a simulated
takeoff with full tanks to a landing with empty tanks. Instability ranges
appear due to antisymmetric blade lag motions coupling with aircraft roll
and lateral motions and wing flap and bending modes. Critical condi-
tions are in the roll mode in takeoff with full tanks and in landing with.
empty tanks, but damping from the helicopter and wing oleo struts is
always sufficient to control the instability.

In-flight mechanical instability is also shown to be possible. L ore-
sults from antisymmetric blade lag motion coupling with aircraft rolil
and lateral oscillations at a reference natural frequency provided by
rotor thrust and wing aerodynamic spring effects. Blade flap-lag
Coriolis coupling is also included and tends to accentuate the unstable
conditions. The winged configurations of the H-21, H-25 and H-34 heli-
copters are marginally stable at normal rotor speed based on calculated
wing aerodynamic damping estimates., Wing damping obtained from wind
tunnel model tests is larger than the calculated damping however, so
that the winged configurations should be satisfactory under all condi-
tions. A build-up ground and flight test program, similar to that per-
formed on new model helicopters is recommended, however, to insure that
no dangerous instability exists.
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I. INTRODUCTION

The present mechanical instability study is part of an analytical and wind
tunnel study being conducted under the reference 1 Transportation Research
& Engineering Command Contract. The program is aimed at the development
of a means for helicopter ferry range extension through application of a
floating fuel ing concept. An initial feasibility study of the floating
wing concept was conducted by VERTOL under an earlier contract, reference
2, and the results reported in reference 3. The present analytical and
wind tunnel investigation is under the reference 1 contract and is based
on a VERTOL proposal, reference 4. “The mechanical instability study is

a part of Phase I of the contract, and is reported here separate from

the wind tunnel work. Addltlonal dynamlc studies comprising vibration

and flutter calculations for the floating wing system are in progress under
Phase II and will be reported separately when completed

The range of present’ hellcopters with normal fuel load is less than 400
nautical miles. Even'with additional. 1nterna1 tanks, the helicopter
range is less than 1100 miles’ Wlth floatlng wings, the range can be
extended to as much as 2400 miles, correSpondlng to the longest over-
water distance on the Pac1f1c Ocean ferry route.

Each floating w1ng contains’ compartmented fuel tankage connected by lines
to the helicopter's main tank, The wing lift supports the fuel weight
that it carries, and the hel:copter acts.as a tow. to propel the wing
forward. Wing attachment’ to- the hellcopter is: through a hinge so as to
eliminate the bending moments: applied at’ the fuselage by conventional
wings, thus avoiding the addltlon of exten51ve w1ng carry through struc-
ture to the helicopter.

The hinge line is not longitudinal, but is skewed aft as shown,

b
|
|
|

F\ww D

As fuel is consumed and the wing becomes lighter, it tends to flap upward
about its hinge. Because of the skewed orientation, the angle of attack
at any chord line is reduced as the wing flaps up, the 1lift is reduced,
and the wing flaps downward to a new mean position. Full span pilot con-
trolled wing flaps are also provided, so that the trim attitude of the

wing may be adjusted; these are also used as high lift devices during
the running take-off.

FORM 1118c (3/60)
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When the wing-helicopter combination is on the ground, each wing is sup-~
ported by its own landing gear. The gear is a conventional shock strut
in that it can absorb the impact energy of the landing wing and can also
incorporate an oscillatory damper to assist in preventing ground insta-=
bility. For simplicity, the dynamic characteristics of the VERTOL YHC-1A
main landing gear were used in the ground instability studies since this
gear generally meets the requirements of the installation. It is noted,
however, that the wheels must be able to swivel for ground handling but
it is assumed they would bc locked in the trail position for takeoff and
-landing.

The p0531b111ty of: grounu or alr mechanical instability is investigated
‘here'for. hellcopters equlpwe‘ with floating wings. Three transport
':hellcopter types reprc cntative. of current Army inventory are included,

the Sxkorsky ‘H- 34 TVERTC L w0=0t I. H-25,

‘These alrcraft use two bas,c types of helicopter main landlng gear the

pyramld gear used ‘on” the VU\LOL H-21 AND H-25, and the axle gear used

on the SIKtuSKY H=34. The pyram1d gear’ consists of a twn member: -

horleontal truss hlnged ‘at tlie fuselage attachments w1th :the wheel

mounted at the- apex, whose: vertlcal motion is’ reotrlcted by an“olee.
xbeeween the truss apex and. hlgher p01nt on tbe fuselage The axde gear

uses . a’ 31ngle crank-type meuber ‘mounted - in a bearlng off the tdselage

with the wheel at the throw of “the crank, and the - olLeg restrlctlng
..vert1ca1 wheel travel . Sepqrate analyses of these two gear types are
f.necessary :

‘The method ‘of analysis, and a discussion of the results are givewn in the
'follow1ng sections, along with conclusions as to the acceptability of

the instability characteristics. Appendix A presents the ground
instability analysis, and the detailed numerical data for the H-21, H-25
and H-34; Appendix B presents the same information for the air instability
case.

[
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II. METHOD OF ANALYSIS
A.: Ground Instability

1. General

There exists in all rotary wing aircraft the possibility of encountering a con-
dition of instability commonly called '"ground resonance' if certain design cri-
teria are not met. Under these circumstances, the vast kinetic energy of rota-
tion is transferred into producing divergent oscillation of the fuselage on its
landing gear, and may become so violent as to damage or destroy the aircraft.
This unstable condition involves blade depatterning in which the individual roter
blades oscillate in the plane of rotation in such a manner that the combined
center of gravity of all the blades does not coincide with the shaft center, but
whirls about it in some eccentric locus. This motion couples with the motion in
a natural mode of the helicopter on its landing gear in such a phase relation
that the motion becomes divergent. Fundamental analytical work on the ground
instability problem was performed by Coleman in reference 5, and more recently
compiled in reference 6. Other analytical approaches have been presented in
work such as references 7, 8, and 9.

All modern helicopters employ some device or design feature aimed at preventing
or controlling this destructive phenomenon. One means is to use rotor blades

operating rotor speed. While this is effective from the ground instability
standpoint, it penalizes the blade root design by requiring blade structure heavy
enough to carry the root moments, instead of the zero root moments existent with
hinged blades. A common means of instability prevention for hinged blades is the
use of lag dampers at the hinges, and dampers in the landing gear shock struts.
Their combined energy dissipation capacity must be sufficient to prevent di-
vergence of any oscillation. An alternate approach is to place the natural fre-
quencies of the helicopter on its landing gear spring so that the related insta-
bility range is clear of the normal rotor speed and will therefore not be -excited.

Present practice aims at a combination of the last two procedures, that is, to
place natural frequencies so as to have no instabilities appearing in the normal
rotor speed range, and to also provide damping adequate to prevent the growth of
any instability.

2. Helicopter Without Wings

With conventional helicopters, two regions of instability are generally con-
sidered; the first is a predominantly lateral helicopter motion accompanied by
blade depatterning whose frequency is located well below normal rotor speed,
usually about 100 CFM; the second is a predominantly roll helicopter motion
about a line close to the center of gravity, also accompanied by blade de-
patterning, and usually located close to or in the normal rotor operating. speed
range. It is this roll motion which test experience has shown to be of major
concern.

Each instability frequency region is located at a rotor speed some 10% to 60%
above a '"'reference frequency'". This reference frequency is merely one of the two
coupled roll-lateral natural frequencies of the helicopter mass and inertia on
its landing gear oleo shock strut and tire springs. The springs whose rates are
paramount in setting the reference natural frequencies are the oleo air spring,-
a widely varying parameter dependent on extension, the lateral structural rate

of the landing gear, the radial tire spring rate, and the lateral tire spring
rate.

For the important roll mode, these springs may be thought of as forming an equiva-
lent roll spring abouta horizontal line running fore and aft through the heli-

e
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copter center of gravity. The oleo vertical air spring rate and the tire radial
rate add in series to form an equivalent rate Ky which is lower than either

spring taken singly. This spring on the left landing gear, and its equal counter-
part on the right landing gear act through the wheel tread distance 2e to form a

I rotational spring with rate 2Kve2 about the c.g. Similarly, the tire lateral

spring rates add in series with the lateral structural spring to form an equiva-
lent lateral spring Kj,, which acts through a vertical arm h reaching from the
ground contact up to the c.g. to form a rotational spring with rate 2KLh2 The
total rotational roll spring 2Kve2 + 2KLh2 together with the roll inertia of
the helicopter essentially determine the roll mode reference frequency.

Thus for conventional gear, at low percents airborne, all the spring elements -
oleo and tire, contribute to a high reference frequency; at high percents air-
borne, the oleo and tire vertical spring combination are negligible, and the
lateral springs are principally responsible for the reference frequency.

If spring rate limitations render the placement of the instability band above the
normal rotor speed impractical, or if conservative design is practical, suffi-
cient damping in the oleo strut and lag damper are provided so that the growth of
any instability can be prevented. The quantity of damping present in a given
condition is generally measured by a damping ratio , a ratio of available to
required damping.

Cy C
4= BB

where Cy = effective damping at the rotor hub in the y th mode of the heli-
copter produced by the oleo struts
C = damping produced by each blade lag damper
ByB§ = damping product required for neutral stability from reference 6.
When the ratio, , is greater than unity, there is then more damping available

to control the instability than is actually required, and A/ may be viewed as a
sort of margin of safety. The term Cr, effective damping at the hub, is obtained
through equating the damping energy produced by the oleos in a given mode to an
equivalent mathematical damper at the rotor hub operating in the lateral hub
direction. Thus for y and q hub and oleo velocities respectively,

Damping Energy = % Cl’Yhub =% ozeoscoqgleo
o % = zl Coq2oleo / Y2hub
Occasionally, the mode shape o?m%he reference natural frequency is such that
motion and hence velocity at the oleo are much larger than that of the hub, so
that (q/y)2 becomes large, and the damper C, and finally the damping ratio turn
out to be large numbers. This means that the damping available is well over

that required, and the helicopter is in a very safe position. This will be
found to be true in a number of the numerical cases presented herein.

3. Helicopter With Wings

The addition of floating wings to the helicopter introduces a number of changes

to the ground instability characteristics. The weight and inertia of the com-
bination aircraft are considerably increased, the wing landing gears introduce
additional ground springs, and aerodynamic dampers and springs must be included
in the analysis, due to the addition of the floating wings. Also, the bending
natural frequency of the wing is near enough to rotor speed to be of interest.

Instead of two coupled modes, lateral and roll as in the standard case, thervre
are four coupled modes with the winged configuration. These are wing rigid body
flap about the wing hinge, fundamental bending of the wing as a pinned-free beam
and lateral and roll motion about the helicopter c.g. as before. 1In addition,

ForwMm 1118C (3/60)
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the motions of the helicopter main gea;'oleo and the wing gear oleo are handled
ag separate coordinates, The. complete equations of motion are developed in
_ Appendix A and lead to the following set of equations stated in matrix form.
-4—-‘ e -y

MODEL NO.

K11-M11 W K12 Kl3 KM K15 g’
K12 Kp2-Map w2 Ky3-Mp3 @ 2 Ko 4-May w0 & K25 Kz £
K13 Ke3-Me3w?  K33-Mzzw? K3y K36 | | o | 2g
Ky, K24-Mp s 2 K3y Ky~ - Ki6 H,
Ky5 K25 K55 g
K¢ K36 Ki6 K66 v
—— — L e
where y = lateral motion of helicopter c.g.
A = roll motion of helicopter ec.g.
H} = generalized coordinate of first pinned-free wing bending,
top deflection
“% = argular ¢oordinate for main gear oleo motion
v = vertical coordinate of wing gear oleo motion
= angular coordinate of wing about hinge
and the Mjk and Kyx values are the effective or actual mass and spring
quantities. These are detalled in Appendix A. The determinant ls solved
for natural frequencies and modes by insertion of trial frequency values,
and repeated numerical expansion of the determinant to a residual whose

zeros indicate the naturals, Solution is carried out on an IBM 650 com-.
puter. Effective mass and damping values at the rotor hub in each mode
are also calculated as part of the same program. Coleman theory, re-
ference 6, 1s then applied and instability range and damping requirements
for each mode are calculated.

Mumerical data for each aircraft are obtained from weight and stiffness
caleulations for the helicopter and wings, tire stiffness data manufac-
Lirer's test data, and oleo stiffness data from pneumatic calculations
.or each strut. The data is obtained for & number of percents airborne

auring tukeotf and landing.

The taks-of'f attltude differs markedly from that of conventional heli-
copters. As the combined drag of the helicopter and wing is four times

that of the helicopter itself, a nose-down attitude during take-off must

be maintained in order to tilt the rotors forward and get sufficlent for-
ward propulsion force. The fellowing procedure was suggested in reference 3,

1.

2,

3.

REV

The pilot aligns the system wilth the runway.
The proper wing flap setting is made.

With the helicopter in a three point attitude, the
pilot starts accelerating the system down the runway,

b s g b
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4. As the speed increases, the pilot rotates the helicopter
about the nose wheel to a nose down attitude lifting the
helicopter main gear off the ground. Since the wing
weight is essentially supported by its own landing gear
or by aerodynamic lift, the rotors support only the weight
of the heiicopter. Therefore, the nose gear need not
support any weight, but is used for an attitude reference
only.

5. As take-off speed is approached, the wing becomes self
supporting. The wing will automatically make any adjust-
ments necessary for changes in angle of attack and speed
during the take-off and climb out.

6. Finally, at take-off the helicopter nose wheel and wing
wheels leave the ground and the craft is fully airborne.

The landing technique is essentially the inverse of take-off.

B. Air Instability

The possisility of mechanical instability in flight has been postulated
for some ¢. but up to the present, no known analysis has been made for
helicopters with lag hinges. A related analysis for rotors with rigid
blades was made by Hohenemser in reference 10.

It is first presumed that a condition of instability could exist in flight
which would be similar to that of the ground instability condition, i.e.,
lateral and roll motion of the helicopter about its c.g., and depattern-
ing of the blades in the lag plane. Aerodynamic blade forces are then
written and summed to form a lateral force and rolling moment about the
helicopter c.g. As an approximation, the airloads are derived based on

a rotor hovering condition in order to permit a practical analog solution.
Therefore, forward speed does not appear in the blade tangentiai velocity
expression in Appendix B-1. These forces take the place of the ground
spring terms .in the conventional ground analysis and give the helicopter a
low frequency roll response which is the same as that obtained in flight
handling stability analyses where stability derivative approaches are used.
The flapping equilibrium of each blade about its flap hinge is also
written and represents the aerodynamically forced f£l12p motion. Flapping
couples inertially to lag through the Coriolis acceleration terms wherein
blade flapping velocities produce lagging accelerations in a rotating
field. The lag equations of motion for each blade are also explicitly
stated.

One more equation of motion is necessary to include the wing motion
about its flap hinge. The spring appearing in the wing equation is an
aerodynamic one, and expresses the tendency of the wing to return to

its equilibrium position when disturbed. This is similar to the wing's
adjustment to weight variation as fuel is consumed; when the wing flaps
up about its skewed hinge, the angle of attack is reduced at all chord
lines, the 1ift is reduced, and the wing flaps down to its mean position.

REV
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In both the flapping and lagging equations, most coefficients are a func-
tion of the blade azimuth position with respect to a reference at trail
aft for the first blade of the set. The individual flap equation for
each blade of the rotor, and the individual lag equation for each blade
of the rotor may be eliminated along with the azimuth function by the
introduction of quasi-normal coordinates. In the lag plane two coordi-
nates result which represent the fixed system rectangular coordinates of h
the blade pattern c.g.; in the blade flap direction, the two quasi-

normal coordinates are the inclinations of the thrust vector in the
fixed lateral and longitudinal planes.

Several sets of numerical values are obtained for the coefficients of the
complete equations to cover variations in gross weight and rotor speed.
These are programmed on an analog computer, and response examined for

a step initial condition on the lateral coordinate. Instability is
apparent by the growth of the coordinates without limit. These calcula-
tions are carried out for three aircraft conditionms: (1) helicopter
without wiags, (2) helicopter with wings and 100% fuel load, and (3)
helicopter with wings and 0% fuel load.

rorm 1118c (3/60)
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ITI. DISCUSSION OF RESULTS

A. Ground Instability Analysis

1. H-21 Helicopter

Figure 1 presents the two undamped instability regions of the H-21 heli-
copter, without wings, which are generally considered for conventional
helicopters. These are calculated for an 11,100 1b. gross weight, corres-
ponding to the helicopter configuration jus: belore the wings are attached.
It is noted that this configuration differs from the normal without-wings
configuration, in that the latter has a gross weight of 13,500 lbs. and

an 80" vertical ground to c.g. distance, while the Figure 1 configuration
has a gross weight of 11,100 lbs. and a 90" vertical ground to c.g. dis-
tance. In Figure 1, the predominantly lateral mode instability is beleow

a rotor speced of all airborne conditions; Lthe predominantly
roll mode instability region is in the vicinity of 425 RPM for 0% airborne
with a gradual lowering until at about 80% airborne the instability is at
the normal operating speed.

Ihe intersection of the instability band with the normal rotor speed band
is of concern, since excitation would be possible if there were no damping.
Definition of the instability region beyond 75% airborne, where the oleo
strut reaches its full extension, is somewhat controversial. Since the
strut piston is bottomed against a metal stop on the barrel, the spring
rate of the oleo can be considered to have changed from a soft air spring
to a stiff metal spring. This stiffer spring would then cause the in-
stability range to rise at high percents airborne. Should an oscillation
begin, however, the oleo piston would move off the metal stop and the

oleo air spring would again become active and lower the instability range.
Figure 1 takes the conservative approach and shows the instability range
passing through the rotor operating band.

The blade-Olec damping combination is sufficient to control any instability
and prevent its growth. Table 1 presents ratios of available to required
damping for various percents airborne and for both lateral and roll modes.
All of these values are greater than unity, indicating sufficient damping.
In the region above 75% airborne where the instability is shown in the
cperating region and damping is actually required, Table 1 shows a large
damping ratio of 5.91.
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TABLE 1
VERTOL H-21 HELICOPTER
AVATLABLE / REQUIRED DAMPING
1
Without Wing Fuel
Tanks
Case #1 #2 #3 #4 #3
Fuselage, Percent
Airborne ¢] 25 50 75 100
Mode
Fuselage, 4.29 8.38 26.08 144,38 |236.50
- Lateral
[ H]
t
o
=)
o
U
o ap
=)
= A Fuselage,
Y E Roll 1.06 1.65 3.13 |* 5.91 56.34
-
o
—
o
o
s
e
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* Center of imstability

in rotor speed band
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Ground instability results fer the H-21 helicopter with wing are presented
in Figure 2 as a sequence of ground conditions which define the normal
take-off procedure with 100% fuel, followed by a landing with 0% fuel.

Only the centers of the unstable regions are shown for simplicity. The
portion of the plot where wing and helicopter are fully airborne is obtained
using the ground analysis. This portion of the plot covering 100% airborne
is shown for completeness but is not really valid; the valid air instability
results are presented later in the Air Instability Section. The instability
centers shown are associated with the 4 degrees of freedom considered in

the analysis, lateral and roll as in a conventional ground instability
analysis plus the rigid and flexible wing modes.

In general, with the exception of the empty wing roll instability, only the
flexible wing instability center exists above the normal rotor speed range;
the instability centers of the rigid wing flapping, and lateral and roll
modz2s of the fuselage appear below the normal speed range. For the wing
empty, the roll instability appears similar to the instability which exists
for the helicopter without wings, having an unstable range above the normal
speed range and gradually decreasing until at 80% airbormne the unstable
region is at normal rotor speed. Another critical area is at 0% airborne
for the 100% fuel case where the roll instability center is just slightly
below the normal rotor speed.

Table 2 describes the damping ratios present for all the instability

cases of Figure 2. In all instances, the available damping is larger than
the required damping. For the fuselage roll mode with empty wings, which
passes through the operating rotor speed and hence requires damping for
stability, the available damping ratio is quite large as shown by the
asterisked numbers in Table 2. The reason for their large magnitude is
that the relative motion at the oleos is much larger than the hub motion
in those modes; this is explained in more detail on .page 4. Note also
that in these winged cases, not only the fuselage oleos with damping rates
of 2500#sec/ft static to 5000 extended, but the wing oleos as well with
rates of 5000#sec/ft throughout the stroke are contributory to the avail-
able hub damping. The 5000#sec/ft rate throughout the stroke is a value
which has been designed for and actually exceeded in tests of the Vertol
YHC-1A helicopter.

Reference 3 described two possible wing configurations for the H-21 and
H-34 helicopters, a wing size required for a 2400 mile Facific over-water
ferry, and a wing size required for a 1200 mile Atlantic over-water ferry.
The analysis above was performed for the 2400 mile wings because of their
greater weight, and because the location of the instability ranges were,
of course, unknown at the start. The results now obtained indicate that the
lighter weight 1200 mile wings would probably have been more critical
since they would have raised the fuselage roll mode instability closer to
the normal rotor speed iange. However, it appears that this configuration
will produce no additional difficulties because the available damping will
be able to control any instabilities of this light gross weight configura-

cAmaa 138 (3/40) 7
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VIPRTOT. H-71 HELTICOPTER RANGH EXTEMSION
USING FLOATING WING FUEL TANKS
lielicopter Gross Weight: 11,100#
Wing Empty Weight (EA.): 1,000#
Wing Full Fuel Weight (EA.): 8,000#
Total Gross Weight
Full Fuel 27 ,100#
INSTABILITY CENTER VS. AIRCRAFT ATTITUDE
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€00 //
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2 400
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tion even more effectively than the heavy gross weight version. In addi-
tion, the next higher mode involving wing pin-free bending would alsc be
raised with the 1200 mile wings, but since this is already well above the
normal rotor speed, the difference is not significant.

Also note that swiveling of the wing gear wheels is permitted in order to
facilitate ground handling, although in normal take~off the gears would

be locked. 1Imn the above analysis, the gears were conservatively considered
to be locked; any lesser degree of restraint, such as swiveling, would
improve the stability characteristics by lowering the fuselage rigid wing
mode even further below the normal operating speed band.

FORM 1118c (3/60)
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2. HUP-2 (H-25) Helicopter

Results of the ground instability analysis of the HUP-2 helicopter without
wings is presented in Figure 3. As with the previous case, the predominant
lateral mode instability is not significant as the region is located far
below the normal operating speed range. The center of the roll mode in-
stability region is 325 RPM at 0% airborne, and continues downward as the
percentage airborne increases. The rotor operating speed band passes
through the unstable region below about 50% airborne, so that damping is
required.

Table 3 presents the ratios of available to required damping. The assump-
tion of 5° blade swing in converting the prelocaded blade lag damper to a
viscous equivalent results in a value of 0.38 (see Section II for the
method). Since this is not adequate to control the indicated instability,
and since these helicopters have been ground instability tested success-
fully and have been operational for a considerable period without incident,
it is concluded that the 5° assumption is overly comservative. This opera-
tional experience is used to obtain a less conservative blade angle. The
damping ratio at 0% airborne is made unity, and thz blade oscillatory angle
necessary to produce this condition is solved for, giving 1.870,

Ground instability results for the helicopter with wings are presented in
Figure 4 using the method of presentation previously described. Again the
instability associated with the flexible wing mode appears well above the
operating range, and increases to beyond che limit of the plot for the wing
empty configuration. The fuselage lateral mode is below the operating
speed for all take-off and landing attitude; the rigid wing mode is geaser-
ally below operating speed except at 0% airborne landing empty. Table 4.
reports the available damping ratios based on the 1.879 blade swing cal-
culated above, and gives a value of 3.42 for the rigid wing critical con-
dition, sufficient to control the instability. The roll instability center
is in the normal rotor speed band at 0% airborne, but the damping ratio
table shows a value of 1.87 so that the condition is acceptable. The roll
instability center passes through the rotor band in the flight condition,
but the results here are more properly described in the Air Instability
Analysis section.

The wing considered in this analysis of the H-25 represents a proposed
test configuration, and is not related to a specific ferry range require-
ment. A description of the wing properties together with the detailed
analysis for this aircraft is given in Appendix A-5.

| rev
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TABLE 3
VERTOL H-25 HELICOPTER 7
AVAILABLE / REQUIRED DAMPING
Without Wing Fuel Tanks
o o
Blade Lag Angle 5.00 1.87
Fuselage
Percent Airborne 0 50 0] 50
Mode
§ Fuselage,
- Lateral 1.57 10.15 4.20 27.10
g
&8
N~ e
3%
2 g Fuselage,
o Roll 0.38 1.51 1.00 4.04
3
<
>
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2. FLOATING FUEL TANKS

5,389 1bs.

Wing Empty Weight (ea.):
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Wing Full Fuel Weight (ea.):
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Total Gross Weight
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3. Sikorsky $-58 (H-34)

A similar ground instability analysis was performed for the S-58 helicopter
without wings, including lateral and roll motions of the fuselage, and in-
cluding adjustment of the basic analysis to compensate for the axle landing
gear arrangement. Results of this analysis are presented in Figure 5 As
noted previously, the unstable region related to the lateral frequency is
of little significance as it is located well below the normal rctor speed.
The center of instability related to the roll frequency is at 340 RPM for
0% airborne and drops with percent airborne until it passes through the
rotor speed band at about 80% airborne. Note again that the conservative
non-bottoming assumption has been made for the oleo behavior at fully ex-
tended as degcribed under the H-21 section. The alternate assumption of a
rigid strut would raise the high percent airborne cases up out of the rotor
band.

Table 5 gives the available to required damping ratios based on both 5°

blade swing, and the 1.879° swing found necessary for a stable prediction

of the HUP-2. At low percents airborne, the damping ratio for either

blade swing is quite small because of the small available cleo strut damping
(see Appendix A-6). However, the instability range is above the operating
rotor band, and no damping is theoretically required. At 75% airborne,
damping is required because the instability region dips into the rotor speed,
but the damping ratio is still less than unity, meaning that insufficient
damping exists for stability control according to the Coleman theory used
here, unless blade lag motion is restricted to much less than 1.87° swing.

Figure 6 presents the results of the ground instability calculations for
the S~58 helicopter with floating wings. For 0% airborne, the flexible
wing mode instability is above the operating speed range, and the fuselage
lateral, rigid wing, and fuselage roll instabilities appear below the
normal rotor speed band. However, the center of the fuselage roll insta-
bility is close to the normal rotor speed, so that its instability region
would intersect the rotor band. Decreasing the wing fuel to 0% raises the
flexible wing mode instability beyond the limits of the plot; the other
mode instabilities are also increased such that the fuselage roll and rigid
wing modes are located near or in the rotor band during landing.

Table 6 presents the available to required damping ratios for the wing tank
configurations based on the more conservative 50 blade swing assumption.

This approach is possible with the wings on, because the wing landing gear
oleos will have a damping capacity of better than 5000 lb.sec/ft., sufficient
to control the stability of the helicopter-wing configuration. Table &

shows that all the damping ratios for the modes which pass through the rotor
band, that is fuselage roll and rigid wing, are greater than unity thus
providing sufficient damping in all cases. The only values less than unity
are for the wing flexible mode, and these are not significant because the
instability center is so far above the rotor operating speed.

FORM 1118C (3/60)




ererareomy: R.J.F . VERTOL DIVISION pageno. 2]

CHECKED BY: rerort no. R~ 197
oaTE: June 1960 BOEING FAIRPI.ANE COMPANY -

MECHANICAL [INSTABILITY ANALYSIS OF
SIKORSKY S-58 HELICOPTER RANGE EXTENS ION
WITHOUT WING FUEL TANKS
Gross Weight: 9,300 lbs.

INSTABILITY REGION vs. AIRCRAFT ATTITUDE

e 2nd MODE-ROLL

enter of |nstability

RPM

300 \

SPLED,
t
[
=
k IIII

NORMAL ROTOR SPEED

T, S

200 i

R

_|
o

" ROTH

| Ist MODE - LATERAL N\

_\T'")’T_"; hh_h__q
Bl Tt R nter ¢f Instability
A A

/I

20 Lo 60 80 100

REV

FUSELAGE PERCENT AIRBORNE

FORM 1118C (3/60)




PAGE NO. 22

PREPARED BY: VERTOL DIVISION R-197

REFPORT NO.

CHECKED BY: Y
o T 1960 BOEING AIRPLANE COMPAN el

TABLE 5

SIKORSKY S-58 HELICOPTER

AVATLABLE/REQUIRED DAMPING

Without Wing Fuel Tanks

Blade Lag Angle 5.00° 1.87°
Fuselage
Percent Airborne 0] 25 50 75 0 25 50 75
Mode

Fuselage,
Lateral 0.03 0 06 [0.21 1.47 0.08 }j0.15 0.57 3.86

Fuselage,
Roll 0.01 0.01 (0.03 0.10 0.02 {0.03 0.08 0.26

Available/Required Damping
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B. Air Instability Analysis

1. H-21 Helicopter

The results of the air instability analysis for the H-21 are summarized

in Table 7. "S" indicates a stable response to a lateral step input,

"U" indicates an unstable response and "N'" indicates a response with
neutral stability. The three conditions considered are (1) Helicopter
Without Wings, (2) With Wings 0% Fuel, and (3) With Wings 100% Fuel. Two
columns labeled respectively '"No Flap" and 'Flap" appear under each of

the three conditions, and imply a solution where in the former the blade
lag equations but not the blade flap equations are used, and in the latter
where both the flap and lag equations are used. With wings on, additional
subcategory columns appear designating (1) solutions with only the normal
aerodynamic damping of the wings labeled 'No Mech. Wing Dampér' and (2}
solutions with added mechanical damping at the wing hinge equal in
magnitude to a second aerodynamic damper. In some instances, there are
cases where the normal wing aerodynamic spring, "1.0 K", has been reduced
in value to 0.5 K, 0.75 K or 0.80 K. Row headings on the left give the
rotor speed in RPM and radians/second and describe cases with and without
blade lag dampers.

Helicopter Without Wings

The normal helicopter Without Wings and No Flap (blade lag only) is shown
in Table 7 to be stable throughout the rotor speed variations. It is

clear from this that no reference frequencies, that is, natural frequencies
of the helicopter body, exist in this configuration to induce instabilities.
When the Flap equations are employed with blade lag, instabilities appear
from 150 to 320 RPM for the blades without lag dampers. With the normal

lag dampers active, these instabilities disappear.

This indication of an inflight instability, independent of mechanical
kinematic coupling, but dependent on Coriolis acceleration from flap to
lag, is new and so far as is known, has not been predicted analytically
before. While no specific test data is known for this condition, it is
not in disagreement with normal f{light characteristics, since it is pre-
dicted that the blade lag dampers are sufficient to prevent the instabil-
ity. The lag damping requirement was investigated in more detail, and it
was found that a damper with an equivalent viscous rate 40% of the normal
rate was sufficient to prevent the instability,

The validity of the aerodynamic representation for the flapping rotor was
affirmed by another check which considered only the helicopter coordinates
y and and the blade flapping equations. Under a lateral step input, a
long period oscillation of about 9 seconds appears whose amplitude grows
slowly. This is the same roll oscillation of the helicopter which is pre-
dicted by lateral stability equations using the conventional stability
derivative approach. The 9.5 second period run is illustrated in Figure 7.

romrm 1118C (3/60)




26

PAGE NO.

VERTOL DIVISION
BOEING AIRPLANE COMPANY

GDL

FREPARED BY:

R-197
H-21

REPORT NO.

CHECKED BY)

w

1sdueq
epelg

1adureqg
opeld
OoN

16°¢€€ | 0TS

1adweq
3peld

1adueqg
opeligd
ON

CET 6T | 08¢

MODEL NO.

iadueq
opelgd

7

TADBI.F

 —

June 1960

DATE:

Isaweq
°peld
ON

TemIoN

70" LT | 8%T

aodue(q
opeid

Joduweg

opeld
OoN

€1°%T | 0%e

1adwueq
2pelgd

aadueq
29pEIg
ON

76°0¢ | 00T

1adureq

opElg

Todue(q
epeld
ON

6L°61 | 0G1

1odueq
opelg

1adueq
opeld
oN

%01 | 00T

(73]
w

xadueq
speld

S
A

it

ASL°

Js°

S
p:!

A8 (N6

i

S
N |38

AGLT| NS

S
A

A8 NS L”

RN

Iadue(

opelg
ON

9€T'S | 0S

CERYY
Iadueq

INOUT TN

Sutpy

“YoSK

CERYY

INOYI 1A

13dweg Suip Yooy

CERTY

ino

Jodweqg Sulp Yooy

Y3atM RERT

INGYIIA

isdweg Buip -yosy

detd mm%w

deld

de1g oN

s3urp ul 1°ng 2001

dety

S3uIp ur 1eng %0

de1g oN

SBUTM
INOY3I 1y

FER
/peyd Rdd

psadg 1030y

A3d

e —————————————————

FORM 1118C (3/60}




peerameony: R.J.F . VERTOL DIVISION PAGE NO. 27

CHECKED 8Y: REPORT NO. R - l 9 7

OATE: June 1960 BOEING IF\_IiRPI.ANE COMPANY MODEL NO.
H-21 RANGE EXTENSION
AIR INSTABILITY ANALYSIS
IRCRAFT (LAG EQUATIONS OMITTED)
YAW,
EGREES
rae ~ VoL T
o — 20_
EOo— |
%o - 10k +103 o
20 - -
e o~ S T, . O N S S S WS (A T
e 0 25 ‘“\\\__ELEI___/ 75 100 SEC. ANALOG TIME
-4 -10}F 2.5 5.0 7.5 In.n AIRCRAFT, SECONDS
—én B . | MM
-ro =204 Tr
PR 1 YOLT 1.C. ON +104X
BLADE
PATTERN
C'G'_)'LAT.
VOLTS
6 - 4.0,
/2= L
8-2.0F +102 ¢
+ - o ﬁ 1/—(
{, o Y U Y U Y S O T S ¥~ S W W L
?_ L 0of 25 50 —————75 100
-8_.2.0} 2.5 5.0 7.5 10 AIRCRAFT SctCONDS
-2 [~ 5MM
-76.L4 QL Vv
BLADE
PATTERN
C.G., tona.
VO TS
/.6 0.4~
/.2 B
og 0.2 +103 5,‘6
o é 0. ¢+ -
2 o \\l\;;x.\{m\\l\\,\
o, o 25 5 75 TOO
> -0.8-.0.2}
el ¢ - SMM
hm— -/'6'O-l+~ V
2.5 5.0 7.5 10 ATRCRAFT SECONDS
TIME SCALE: 10 SEC. ANALOG = 1 SEC. REAL
- mee— |
FORMm t118C (3/80)




| rev

PREFARED BY: VERTOL DIVISION PAGE NO. 28

CHECKED BY:;

DATE:

BOEING AIRPLANE COMPANY RepoRT NO. R-197

June 1960 MODEL NO.

Helicopter With Wings, 0% Fuel

a. Ho Flap (Blade Lag Only)

The helicopter with % fuel in its wings, and No Flap (blade lag only) in
Table 7 has an instability between 200 and 320 RPM, the latter being the
maximum rotor speed considered in this analysis. This instability appesrs
with either no blade damper or the normal blade damper. It can be elimi-
nated by reducing the wing aerodynamic spring to 0.75 of its normal value
or by providing a damper at the wing hinge as shown in the 'Mach. Wing
Damper' column in Table 7. This instability closely resembles ground in-
stability since it results from a reference natural frequency; in ground
cases, this reference frequency is produced by the helicopter on its tire
and also springs; in the air, this reference frequency is produced by the
wing aerodynamic spring.

b. Flap (Includes Blade Flap and Lag Motions)

Results of the more complete anslysis considering both flap and lag motions
appear in the next set of columns in Table 7. These results differ some-
what from those with lag motion above, and are presumably more represent-
ative of the actual situation. With no mechanical wing damper and with

no blade dampers, the helicopter is neutrally stable at 100 and 150 RPM,
and unstable from 200 RPM upward. With lag dampers, the neutral points
become stable, but the unstable points from 200 RPM upward are unchanged.
Since this instability exists at normal rotor speed, it is critical and
must be eliminated.

One means for eliminating the instability is shown in Table 7 to be a re-
duction of the wing aercdynamic spring to 0.75 of its normal value.
Another approach, the mechanical wing hinge damper with a damping rate
equal to the aerodynamic wing damping, is also shown to eliminate the in-
stability. Additional analog runs were made at 258 RPM normal rotor speed
to find the minimum wing damper actually necessary for stability, and it
was found to be 18% of the wing aerodynamic rate.

Since this last means, a small damping increase, was found to be reason-
able, the aerodynamic analyses were reviewed. The aerodynamic damper anal-
ysis, Pages B-17 and 18, and the aerodynamic spring analysis, Page B-16,
were based on Theodorsen quasi-static aerodynamics, Reference 10, using
only the thrust term so that the resulting value was quite conservative.
These analyses were rederived on Pages B-19 through 21, using the complete
quasi-static thrust and moment expressions from Theodorsen. The new re-
sults show a 15% increase in wing aerodynamic damping, and a 20% decrease
in the wing aerodynamic spring. These two refinements are sufficient to
make the critical condition stable, so that the aircraft with 0% fuel
wings is predicted to be stable, although the margin of available over
required damping is small. It should be noted that none of the basic
calculations presented in this report include the modified effects of this
increase in damping and reduction in aerodynamic wing spring.
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In view of the marginal damping for this condition, experimental wing damping
characteristics obtained in the wind tunnel model tests were compared with
calculated values, taking account of scaling effect. Details of this scaling
are given in Appendix B-4 for the HUP-2 configuration which was tested in

the tunnel. It was found that the test wing aerodynamic damping exceeds

the calculated by about 50%, therefore adequate damping should be available
to eliminate the instability in this condition.

Helicopter With Wings, 100% Fuel

The four columns on the right of Table 7 record the results for the 100%
fuel case. With No Flap, No Mechanical Wing Damper and No Blade Damper,

the unstable band appears between 150 and 200 RPM, This band is lower and
narrower than for 0% Fuel, which is attributable to the lower roll natural
frequency resulting from the large fuel mass. The presence of the bladec
dampers does not remove this instability. Since the instability is below
240 RPM normal operating speed, it is considered acceptable. Nevertheless,
it is shown for information that a 50% reduction in the wing spring would
lower the instability below 150 RPM, and that a mechanical wing hinge damper
would eliminate the instability altogether.

The complete case with flap and leg motion shows that without lag dampers,
the aircraft is unstable from 150RPM upward. With the normal lag dampers,
the aircraft is stable from 240 RPM upward. Since this includes the normal
rotor speed of 258 RPM, the 1007% fuel case is predicted to be operationally
stable.

As a matter of interest, the instability appearing below 240 RPM is due

to the wing fuselage coupled natural frequency on the wing aerodynamic
spring; it can be placed at a lower rotor speed by reducing the wing aero-
dynamic spring, or providing a hinge damper. The less conservative spring
and damping analysis reported above for the 0% fuel case would also be
effectual here, but was not carried out since this case was not critical
at operating rotor speed.

Note in general from the previous discussion that there are apparently

two types of instability appearing, both manifested as disturbances in

the blade lag pattern as in ground instability. The first is due to an
aircraft reference natural frequency about 30% below the normal rotor
speed which places an instability range in the operating speed just as in
ground instability; the second instability is induced by blade flapping
causing blade lag depatterning. The first can be remedied by lowering the
instability range below the normal rotor speed and/or providing wing hinge
damping, the second is controlled by blade lag dampers which are already
on the helicopter to deal with ground instability.

FORM 1118C (3/60)
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Effect of the Wing Hinge Angle on the Aerodynamic Spring

One means generally considered whenever a change in wing aerodynamic spring
is sought, is that of changing the wing hinge angle from the 45° that has
been selected as optimum from the standpoint of flight controllability.
While operational stability has been obtained above by other means, it will
be shown here for record purposes that the small hinge variations are not
very effective in reducing the aerodynamic spring. The simplified aero-
dynamic spring expression is K =1/4fa_ COVZLZCOSJ; sind, . Considering

only the portion dependent on the hinge angle, the expression reduces to

Kyw =Kcos Xo sin (Yo or Kyw =-§ sin d; . The variation of aerodynamic spring,

Kyu fron the present value for f, = 45° is shown in the curve below.
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The curve above indicates that varying the hinge angle 10° or so, which
would be tolerable from a performance standpoint, would produce only a
negligible change in the aerodynamic wing spring.

Test Procedure

While analysis indi ; ircraft to be free from instability on the
ground or in the air, rcasonable prudence suggests that a test procedure be
carried out prior to the first flights. This should consist of ground
resonance tests, with the rotors turning, with the aircraft in a quick acting
snubbing rig, as for conventional new model helicopters prior to first rev-
up in a free condition. Because of the difficulty of recovering from ground
resonance during a running takeoff, tests should also be run in the rig using
a spring, characteristic of the wing aerodynamic spring, to support the wing
and thus safely simulate partially airborne conditions encountered during
actual takeoff. This could be followed by tests at forward speed on a long
runway with the wings fully loaded, the most conservative case. The wing
would become airborne at about 80 knots, and if any sign of instability were
noted, the wings could be dropped back on their wheels which would change

the conditions and eliminate the oscillation. Finally, the test could be
repeated with the more critical 0% fuel wings until the whole operational
range had been covered, and then full scale flight testing could begin with
assurance,

It is further recommended that provision be made for the installation of
small wing flap hinge dampers on the prototype since damping is predicted,
in some cases, to be marginal. C
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2. H-25 Helicopter

Table 8 presents the air instability results for the H-25 in three con-
figurations, Without Wings, With Wings 0% Fuel, and With Wings 100% Fuel.
Cases were run at the normal rotor speed 290 RPM, and a 50 RPM increment
above and below this speed, 240 and 340 RPM.

Helicopter Without Wings

Without wings and without the flap degree of freedom, the helicopter is
stable at all rotor speeds. This is because no reference frequency exists
to induce the rotor lag type of instability. With flap motion of the
blades permitted, an instability appears at 240 and 290 RPM which is re-
moved when the blade dampers are active. At 340 RPM, the flap instability
persists even with the blade dampers. Since these helicopters are opera-
tional, and since they have been operated at high autorotative speed with-
out incident, it is apparent that this flap instability is either slightly
higher than predicted, or that the available damping is higher than that
calculated. As noted in the Ground Instability discussion, the choice of
blade oscillatory amplitude in important in converting the preloaded
hydraulic damper to a viscous equivalent. With a blade angle somewhat
less than the conservative 5° used here, a stable condition would be ob-
tained.

Helicopter With 0% Fuel Wings

With empty wings and no flap, the helicopter-wing combination is unstable
at the three rotor speeds considered. The addition of blade dampers and

a mechanical hinge damper with a rate equal to half that of the aerodynamic
wing damping will remove the predicted instability. With the flap degree
of freedom permitted, the results are not changed. As noted under the

H-21 results, the wind tunnel data for the H-25 gave a damping ratio of
0.24 compared to a calculated magnitude of 0.16. This means that with

this additional damping, the helicopter wing combination would be stable
without additional damping.

Helicopter With 100% Fuel Wings

Table 8 shows the results with 100% fuel to be identical to those with
0% fuel. The additional damping indicated by the wind tunnel tests will
therefore again be sufficient to make the aircraft stable.

R i _ R
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3. H-34 Helicopter

Table 9 summarizes the air instability analysis for the H-34 in three con-
figurations.

Helicopter Without Wings

As with the previous helicopters, calculated without the flap degree of
freedom, the absence of a reference roll natural frequency prohibits the
appearance of an instability. With the blade flap degrees of freedom in-
cluded, an instability appears without lag dampers at 170 and 220 RPM
which is removed when the dampers are reintroduced. At the highest rotor
speed considered 270 RPM, 50 RPM above the normal, stability is more
difficult to achieve. With a viscous equivalent rate 1.5 times the nor-
mal, stability is attained. The normal viscous damping rate was obtained
here as in the previous aircraft discussed, by assuming a 5° blade swing and
converting the damper preload into a viscous damper capable of dissipating
the same energy. As in the HUP case, the selection of a smaller blade
angle of about 3.33 degrees would have produced stability.

Helicopter With 0% Fuel Wings

With empty wings a lag type of instability exists for the three rotor
speeds considered without damping and both with and without the flap
degrees of freedom. The blade lag dampers above are in no case suffi-
cient to remove the instability. The use of a mechanical wing hinge
damper equal in magnitude to a second aerodynamic damper, along with the
blade dampers, does make the aircraft stable. As with the HUP-2, the use
of wind tunnel test damping ratios would mean an increase in wing aero-
dynamic damping, and a decrease in the required size of the wing hinge
damper.

Helicopter With 100% Fuel Wings

With fully loaded wings, the lag instability is reduced to 220 RPM and
below in the No Flap case, and can be controlled at normal 220 RPM by the
standard blade lag dampers. With the flapping degrees of freedom added,
the situation is similar except that at 270 RPM a flap induced instability
appears which requires the combination of normal blade damper and 3/4
normal wing hinge damper to remove.

FORM 1118C (3/80)
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IV. CONCLUSIONS

The helicopter range extension system consisting of hinged wing fuel tanks
has been investigated for acceptable characteristics in ground and air
mechanical stability.

Ground instability characteristics of the H-21, HUP-2(H-25), and H-34 with
floating wing fuel tanks were investigated through a simulated takeoff
with full tanks, and a landing with empty tanks. Four modes were calcu-

lated representing dominant motions respectively in aircraft; lateral motion,
wing rigid body flap, aircraft roll motion, and wing first pin-free bending.

The aircraft lateral, wing flap and aircraft roll instability ranges were
generally under the normal rotor speed excitation band, and the wing first
bending instability range was well above it. The aircraft roll instability
range and the rigid wing flap instability range were nearest the rotor
speed excitation, and entered it during some portion of the takeoff or
landing sequence. With the wing oleos assumed to have the characteristics
of the VERTOL YHC-1A main gears, however, sufficient oleo-blade lag damping
was always present to prevent the growth of the instability.

Two types of mechanical instability were shown to be possible in the air;
one due tc reference natural frequencies of the fuselage-wing system on
the wing aerodynamic spring, similar in concept to the ground instability
case with its ground spring reference frequency, and the second due to
rotor blade flapping causing blade depatterning through Coriolis accel-
eration between flap and lag. The second type was shown to occur in heli-
copters without floating wings as well, but to be controlled by the normal
blade lag dampers. The winged configuration of the three helicopters were
shown to be stable in the normal operating rotor speed range, but the
tanks empty condition was nearest to being critical.

To insure safety in the prototype flight test vehicle, it is recommended
that:

1. The wing natural frequency pin-free be above 1.1 W,

2. Provision be made for wing flap dampers with a rate of about
10,000 ft.lb.sec.

3. Wing flap dampers be installed on the prototype vehicle.
4. A build up ground resonance and air resonance test program be
conducted prior to and in conjunction with initial flight

test operations.

5. Additional tests aimed at eliminating the wing flap dampers
be carried out.
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SYMBOLS

M Mass of aircraft including wings and blades

r Roll inertia of aircraft about CG including wings and blades
% concentrated at hub

K¢ Spring rate of main gear oleo
C. Damping rate of main gear oleo
/(e Lateral spring rate of main gear tire
;\/t& Vertical spring rate of main gear tire
%@; Lateral spring rate of nose gear tire
ﬁ‘& Vertical spring rate of nose gear tire
,(o Distance from main gear pivot point to € oleo
#_ Distance from aircraft CG to nose tire axle, normal to rotor plane
/ch Distance from main gear pivot point to tire axle, ncrmal to rotor plane

A

&, Lateral distance from main gear pivot point to ¢ tire

, Distance from aircraft CG to main tire axle, normal to rotor plane

&€, Lateral distance from ¢ main tire to ¢ aircraft

QF Distance from aircraft CG to forward rotor plane
2—4\ Distance from aircraft CG to aft rotor plane

T Constant thrust of forward rotor

Ta Constant thrust of aft rotor

K

Sw Spring rate of wing gear oleo
Q—stamping rate of wing gear oleo
‘*;w Lateral spring rate of wing tire
Ktzw Vertical spring rate of wing tire
K;(w Aerodynamic spring of wing
C«w Mechanical wing damper at range
2..2 Distance from aircraft CG to wing tire axle, normal to rotor plane
/Q.._; Distance from ¢ wing hinge to wing tire axle, normal to rotor plane

82 Lateral distance from aircraft CG to £ wing tire

€7 Distance from wing hinge to center of wing tire, parallel to rotor plane
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SYMBOLS (Continued)
514_ Lateral distance from £ aircraft to £ wing hinge
¥» Angle between ¢ aircraft and g wing hinge
v Forward speed of aircraft
L1 Normal rotor speed
W), First bending natural frequency of wing

(
O‘Vil Modal slope of wing at hinge

@
X i, Modal slope of wing at gear point

éaﬁr Modal deflection of wing at gear point

y Mass property of wing

X, Mass property of wing

GL3 Mass property of wing

< Mass property of wing

A s Aerodynamic damping constant of wing

¢ Aerodynamic damping constant of wing

C17 Aerodynamic damping constant of wing

CLg Aerodynamic damping constant of wing
Ca-QAerodynamic damping constant of wing

CL,p Aerodynamic damping constant of wing

E?{ Rotor blade lag hinge offset from rotor center
Rotor blade lag mass

Q:% Rotor blade lag moment about lag hinge
Rotor blade lag inertia about lag hinge
4%§ Rotor blade lag spring rate

PP Preload of rotor blade lag damper

< Viscous portion of rotor blade lag damper
/L, Radial arm of blade lag damper

§'° Single amplitude of rotor blade lag motion

) Trial frequency in IBM program
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SYMBOLS (Continued)
AWFrequency increment

W, Limit frequency of natural frequency search

mechanical instability analysis
Consider an aircraft on the ground or partially airborne as
shown on Pages A-2, 3 and 4. The following degrees of freedom shall be

assumed:

?f_)C& Coupled lateral-roll motion of aircraft about center
of gravity

Rigid body flap motion of floating wing on its hinge

H Generalized deflection of wing tip in the first pinned-free
bending mode

Angular displacement of main gear oleo
v Verﬁical.displacement of wing gear oleo
Associated with the first bending mode are the quantities defined as follows:
w Natural frequency
W Modal slope at station i

W Modal deflection at station i

The total kinetic energy of the system is

P P

T*-‘zMAéL2+-é—I‘ 5§2+’ ZM < Co,d')zo(Z +Zm 2. c')
+a§m4_[(e + ), Cas !ojo(b(w-)- 2 E_m @4-4-/1, )Z£70<H

/. Number of rotors per aircraft
. Number of blades per rotor
THEORY Determination of reference natural frequency, effective hub mass,
effective hub spring and effective hub damper for a coleman type
the term is drop ed because it has
2 [Gorox]” i ‘
e
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THEORY (Cont'd)

BEeN INCLUDED IN Iy . 8Y ORTHOGONALITY OF Nok MAL Map€S, THE
TERM .

2 Emi( At Coute) &, H,
IS €QUAL To ZERo AND THEREFORE DRoOPPED ALSO,
THE TOTAL POTENTIAL ENERGY OF THE SYSTEM IS
Vo= 5 2Ky Ra- R + o Ay (- Ra)? b 2 R (Bt Gag)’

ook log + 2k (YR duRicon B~ Ry H)
+ L 2K, (Gt &a,t Z8H, + v+ 2k, vt

*oE 2k, (et )P

+ ok (Th + TR+ F2 (Em )l K

THE TOTAL DI1SSIPATION FUNCTION OF THE SYSTEM S

D =  F2GR A+ F2G U+ F2C, (et H)E
A S e 2
+ "i' 2 -E—-Cz,;[(fq"‘/‘a;)o“dwfz‘ Cot ¥, +Z:~’.‘) H' ]

THESE ENERGIES COMPLETELY DEFINE THE SYSTEM FOR SMALL oscIte -~
ATIONS OF THE TIME DEPENDENT VARIABLES Y, a, oy, H, ,

g AND VU, INTRODUCING NEW LoNSTANTS | THE ENERGIES MAY
BE WRITTENWN IN SIMPLER FoRM . LET THE KINETIC ENERGY B&
GIVEN BY '

T = MY+

(-3} o 2 .
My &5 + 3 My, + 5 My H,

|~

¥ My, + My N,

LET THE POTENTIAL ENERGY BE GIWEN BY

vV = -+ K,,zj‘ + FRatt t E Kt KM+ £ Kol

t L KUt Kpyar+ Knyoy + Ky H o+ Ky +
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+ Kpaodly + Kpe M, + KOy + KU + Ky Q& H,

+ KU + K, H U

LET THE DISSIPATIaN FUNCTION BE GIVEN BY

D

WHECRE

M,

"

k3

I} LJ
) t 2 Cys O

s o)

4+ & + £ C, a0 + F Ca.

o L)

+ % C U+ Cuad, + C,&H, + C,duH,

M

L,

2 Z m‘_-/lf CO'V.‘ Xo
)2

2 ;miZN‘:

2 T MU(E 4 ) R Con

2 Zmo(Etn) Zu!

2 Key + ey T2 Ky,

2R Koy + R Rey + 26 Ky + 2R3 Ky, + 28 K+ Tehp #Ti As
2 R Key, o0 ¥, + 267 Koy, + 2 K,

?

.K’w‘* 2 w'z ;mi Zuﬁ::l

0)2p2. 2, , o)
2 2y Ry Key, + 22,0 Ke, + 29
2 R0 Ky t 28 Ko + 280 K,
2 Key,, + 2 K,

- 24, Kti = F\.{!(‘- 2?\.; Kg.’“
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K.; = b 2 ﬁ; Kﬂg‘wm rg

KA g - 2 as; ﬁ‘ K{.‘N

ch = =2 ﬁ.. Kt«‘

Ko = 2 R by Ky, ton ¥, t 26§ Ky,

Ko = 209 R R Ke +228¢€, Kk

24 Wy N Ny ey, Ny 2 Mg,
Keg = 2 RK Ky + 26,6 K,
Kl‘ = 2 E; Ktlw
- (] K {1} O
K = 20y R, Ko Cou ¥, 4+ 2200 & Ky, + 2 K, 2y
K!- = 2¢ K‘zw
o)

Ke = 2Zyy Ky,

Ca = 2 ; G (Eat R )

C, = 2 Cy, + 22 Co iy,

Co =  2G o +23 G2y

Cy = 2CU&

C“ = 2 Csn

Co =~ 2 7 G & o) RiCon,

C:.Q = 2 g‘ Clg (54 +/Lf.') Zfl:

C_“_ = 2 ngas“' + 2 gCL. /2.'_ Z.::) Cou ¥,
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For convenience, all terms involving the summation integral
will be denoted as follows:

p3
a =7 Myrg?

s (1) 2
az =i Mizni
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THe LA GRANGE EQUATIONS OF MOTION ARE
Yot ML+ Kyt Ke® o+ Ky, + KuH, + Kyag = O
A Mad + MoGQuw + My H, + Kad + Ky Kus Oy
KuH, + Kistls + Koo U + Cul + Culy + Cu H, = O
oy, Mna:w + Myl + Ky + Knv4 t+ Kha Ksa H,
+ KU o Gl t Cod Cuh, = 0
H, Mufl + My + Ko H, + KuY + Kud  + Ky o
F Kt + CuH, + Cut + Cudw= 0
@} Kg t Kis Y ot Ky O 4 Cglly = 0
v K U+ KieO + Ky Olw + Ko Hy + G U = 0
ASSUMING HARMONIC MOTION oOF ;'HE FORM
g = %oeiwt
FoR ALL THE VARIABLES YIELDS THE FolLlowIN G SET of
MATRIX EQUATION 5 (DAMPING TERMS OMITTED ),
) T L R 1Ty
Kie | Ko~ Mt K.,—Mz,w"iku-.Mz,w‘! Kas K.“ o
Ky Ky~ M, 0" K,,"l‘v’i,,wzl K}q Ky ’ L,
Fiy Kag= My w" Kya ;l Kaa= M«wz? g “ Kae H,
| Kis - Fos s q: Kf’, f a
SN L2 . LU S R I S

(Cont'p ).
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THeory  (Con. D)

I

THE CRITERION FOR NATURAL FREQUENCIES 1S THAT THE DETERMINAMNE
OF THE 5Ix (6) EQUATIONS BE ZERQD .

4= o

EACH NATJURAL FREQUENCY MAY BE USED AS A REFERLMNCE
FREQUENCY (W, To PERFORM A COLEMAN TrPe MECHANICAL
INSTABILITY ANALYSIS ,

THE EFFEcTIVE MASS , SPRING AND DAMPER AT THE ROTOR
HUB 1S DERIVEL E£Y EQUATIN G THE ENLKGIES OF THE ACTUAL
SYSTEM TO THE ENERGIES OF AN EQUIVALENT SYSTEM AT
THE HUB . THE KINETIC , POTENTIAL ENERGY OF THE HuB
SYSTeM 15 '

H

ML+ Rei)® + (G + Rk )]
T Rka[ g+ R ¥ ¢y + R0)]
5 Gl (G4 Rea) +(q + Rad))

1%

it

1]

D

BY EQUATING ENERGIES AND EMPLOY/ING THE SUBSTITUTION

% - Z’ ez;(ut

For AtL THE VARIABLES | THE EFFECTIVE QUANTITIES M,
. AND Ca ARE DETERMINED .

Mo = [ 3 M0+ FMald + M0+ £ M Hly 4 MO+ My, B
"gi‘ [ (t‘n*’ ﬂrao)z + (qo.“ KAa-o)z_]
K. = M- U)/f

~ z 2
G 7 -;’3( 2 'Y}o"' ',ECM(I;‘V@'" -é-cu H wt —éC53a5n'+ %C“ -u-: + C"xa"’d%

REV
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HEWCOPTER RANGE EXTENS10W
Vaineg Fuowtimna Wing Fuee Viewxkg

Groumwd InsSTABILATY ANALYSis, Axue GERR

In TWIS GROLND INSTRBILITY  ANRLYSIS FOR THE RxLE TYPE
LANDING A SIMILARITIES BETWEEN THIS RANALYSIS AND THE
PYRAMIO OGEAR ANRLYSIS ON PRGES A-2 To R-\A ALlows T WE uwge
OF EXPRESSINLS PREVIousLY DERIVED, THE KineTic EVERGY
EXPRESSION WHICH WAS DERIVED APPLIES RALSO Yo T HE AXLE
GERR, HowEVER THe EXPREESSIONS FOR POITENTIRL ENERQY ABD

Dameing ReEQuiIfE REVI SN

Trhe TotaL PorenmvidL Bnewey ofF The SysTem ,V

Ve L.z KT\,[% - h\ozT.\.%,,Qé,w[La';‘h%Tqu_L.2 K [e\a( A % X Jz
$ha2 Ko [g]lu_ zkww[u& hoX =% haCos ¥, — hydug M ]
+Ji,?_&<“w[ 23X+ €3y + 2oy M, +u]+ stw[ ]‘**z“ak"“'ﬁ““&“]
+%[ ]od + 42w z“’] w,* K

THE ! TotaL ENERGY DissiPaTED BY The SysTewm, D

De -—x 2 Cq [S] +«%/~ chw[\)] -\--\-x chw[u(w +°(WR\-\]
¥ L ZE Cag [(5—‘\'*17-\)‘* "r‘*wﬂgces‘(e + E:V)‘H ]"

THE COORDINRTE § WHIGH APPERRS N TWug ENERGY
EXPRESDIONS ABovE DEFINES AXiaL OLES STRUT MOTVION, WnviLVEER,
THIS COoaRDI\NRWNIE g CANM BE CLIMIVDATED BY DEFANING THE RxIAW
STRLOT MoTiowN As R FURNCTION ©F THE ASSLUMELD GEN T RRLALD
COoRDINRTE <. '

BEESOLVING TWE ANGULAR MoTiown ¥ INTO LINERR MOTIOD
ALONG .THE ,OLED STRUT, : : i

i) Va T (LP)

REV
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Linear motion along the oleo strut projection in the
tudinal plane.

vertical, longi-

Now, the motion along the strut is obtained from in projection in the vertical

long plane.

_ \ L
2
(Zj’ —2’) \\_ _+_
+<x2__x|\ 1 =y
SN\ ¥, |
b
x_\l‘.
) 8z 5 Lat. RT
£~E >_J
|
SiN ("/2:' E:‘ éo
L
S Cocdy- §
S= 8, . g cos (X -x)
Cos 4, Cos &,
$ - ro =
s Ccos X QoS 4L SINK_Sing)
Cos ¢,
Cocsg = X
:0(5_ ?
SN ()TS = Z2_-2
o
o= tar!
1" S-n xa‘x/
?‘3—21
d/2— S:n— e:'ea
L
S= % [ %, Cost,t(2,-2)8m¢ ]
Cos ¥,

Letting, ,Qo= Ex, Cos ¥, + (—EL—2|> SIN d’,]
Cos &

Length of Oleo Strut

—mmes st~ £3/any
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Thew, .

$S+ Qo

e
< pe “5

:
SuesTiTuT NG

' THR PoTew T \NL
EXPRESSIONS, ’

AWND DRAMP NG ENERGY

Ve ya2 Kay [La-k.nt]JfL,,Q“[sa-ho(] yoa 2 Ky [6d +x.°<]1

“z‘ 2 K [JZ-(,] Azkwyw[% haod =Xwh,Cosxa _h, “’H]
- +.x_ 2 Ku\.,[e -<+e3~(w+z‘:l%\4 +\.>]+.xpz K,.w[ ]1
+4L_,‘ 2 K.Lw[\w -\:dw»\ \-l\] +_\i['T‘ \'\F]={1+_k,2 [%hz. z&"f]

D: 4x 2 Cs[ﬂo “s] +4x2 Cow [v] ¥ L2 Caw [-(w + oLy, ?l]

I + 4« ZZ Q3 [(ea—-m)-( 4 %y i Cos¥a + Zwi \4‘]

Tue ENERGY‘ EXPRESSIONS DERIVED

To® TWE
GERR . Chna BE MADE

Tyeawo
\DLN'rlC.&L. ‘To THE AXLE TTYPE
GEAR . BY THE FoLLoWuus cnnnsts,
he = O
£a =x
*h“ = O
| My s "[‘

Avo LETT\NG,

ﬁ, < [x, Cas ¥, + (2, -I)S\NX.J
rCos ¥

CowsiPERING THE REDEFINITION OF ~TWUE SYMBOLS SHOwW
Aso\st THE !EMR\M\NG PORTION OF "TR\ES RANALYSIS Caw
BG Pﬁ.EPOEMlD LJWSRING THE PYRAMID GORAR ANRALYS S,

{
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IBM ProcrAM Na 169 MecHanical INSTABILITY ANALYSIS OF
H-21 HeetcopTER RANGE Exv'qusron
Using FrontinG WinG Fuel TANKS

; K Ky | K ) Kis B ! K.~ M,u’
d,, Kia= My 0F [Kay= My | Koy My | Kl.! . Ko Ky
H,-~ = = | K= MW Ky My, ws? E” , Ky k.;l
| ds K“—M,w’{ Keo | Ka=M,ut ' Ke k.4 |
U [ | Ksg Kis |
0 j
Ma = [SMoYL + SMa @l + My, + M He + My Oy, + M, 00 H,]
+ 5 [yt B + A= 1) (Yot Ra,)?]
Ka = M, u?
Co = [5G ad + 50,00 + TCuHL + 500, + 50 U1+ G0y,
CauOeHio+ Gutw Hio ]+ 5 [ (Yt Rycle ) 4 (2= 1)y + R0t} ]

-

Ry
-
A} I—’ wz

REV

. no
Moo= 2M, I,
1+ [A+A, - AA,
2. = w
( /- A, )
4p
C = /2,,2 — + C
F (V/‘-f-[A.nf+A,w’ )
n (6 w)?
B\‘B" - (Q: )
(5 -1)
Co C
=  ——tlr
H B, 5,
m
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IBM PRroGRAM No. 169 MecHan1CAL TNSTABILITY ANALYSIS OF
H-2] HecicobTeR RANGE ExTENSION
UsinG Froating Wins Fuer Tanks

2 Kp’ + ﬂg“ +2 k(,w
2RI Ky + 0 eyt 26 Ko ¥ 2R, Key + 288 Ky 4 Tohe + Ta R
2Ry Key, 0B+ 26 Ke, +2Ke,

m? mt

w Ke b 2 W7 @

N2 ,2
20y R, Ky, + 22, Ky 20

2 Al Key + 261 Ko+ 240 K,
2 Ky, + 2K,
“2h Ky~ R e, = 2R, ke,
“2fy Ky, Con X,
-2 a'(‘.\' hs K"‘N
~2 R, ke
2 AR, Key, ot te + 26,6 Key |

[()

2 0y b Fiy Koy 22 &4 Key

2 ‘.. K..Kt% + 2 E.&. Ktl

2 &; KQ‘”

20 By Ky CoU ¥, + 2 20 6K + 2 K 0
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H-21 HeL1coPTER RANGE EXTENSION
Ustne FLoATING WiNG FuEl TANKS
K" = 2 8) Ktlvl
- )
K = 2Zu Ke,
Can = 2 Q4
C” = 2 Cu" + 2 a-‘ mz X-
(e
Cq‘ = 2 CU(“ aw‘ + 2 a.]
2
Css = 2 CS 1.
C“ = 2 C-‘u
Cy = 2 Qg Con ¥,
G = 2 Q4
Ci = 2 CuOyy, + 2 Uy Cou ¥,
w = VARY UNTIHIL A = O
K, - M, w? Kz Kis Kis Ky
K, Kn_ana Key M,,wz Ku"Muw.‘ Kes Kie
K, Ky~ Myt | Ky = M, 0)* Ksa Ky
A =
K,‘ Ku—me KM‘ k“"M“wz K“
Kis Kag Kss
Kae Ky ] ka Kee
Ye = {.0
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Qurrur

PRINT RESULTS OF EACH Mopg oN 8-%"% |I* SHEET.

g
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]
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[ 3

2
>
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June 1960 MECHANTCAL INSTABILITY ANALYSIS OF R
SIKORSKY S 58 HELICOPTER
USING FLOATING WING FUEL TANKS
JOB# 3863-1 MARCH 741960 PAGE # 1
12T Mobpe 2™ Mmeope 352 mobe
OME&A 18998441 50 74313910 ¢ 13171933 51 NaT. FeeQ,

v 10000000 50 10000000 S0 10000000 50 Fose. L&T. T mooe
ALFAO ~29933781 48 10647407 48 33927523 48 Fus Rowe | cunee
ALFWO 53847269 48 -14577245 48 -91637133 48 Bicio Wine X
H OME 51361267 48 15615892 49 75974338 49 FLex Wing [ °FF '&
ALFAS 78105284 48 ~27781962 48 -88526150 48 Fus, OLto h-2
vVZERD 23465452 48 ~62634566 49 36951111 50 wine OLeEo

MR 40947862 51 22508829 51 30741751 51 ErrecTive Mhss

KR 62276718 52 12430629 53 53336879 53 ErfrcrTive SPRinG

CR 52634527 50 66292913 51 47839972 52 Efpsctive DAmpe i
LAMB1 56197151 48 56197151 48 56197151 48 ,
LAMB2 - . . Cou:ma~§
I.AMB13 14517783 48 26410623 48 19337616 48) PRRERMETERS

GIMEGC 51115958 50 97404579 & 17264689 51CenTiR ©F Irstneiin
CZETA 11919738 55 62552378 5S4 35291038 54 BLabt DAMPER
BYRZ 19718102 55 71599640 55 22494155 56 CoLeman’s READ Damping
MU 31817959 50 57916203 50 75056043 50 DamMPIRG RaTio
4TH Mouoe

OMEGA 41032613 5]

Y 10000000 50
ALFAO ~11754545 49
ALFWO 22036481 49
H ONE -23867062 51
ALFAS 30670770 49
VZERO 319390275 50

MR 58964313 51
KR 99276757 54
CR 87509771 51
LAMB1 56197151 48
LAMB?2

LAMB3 10081898 48
OMEGC 53782183 51
CZETA 11328822 54
BYBZ 21828756 57

MU 45416358 48
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10000000
20000000
30000000
40000000
50000000
60000000
70000000
80000000
90000000
10000000
11000000
12000000
13000000
14000000
15000000
16000000
17000000

18000000
19000000
20000000
21000000
22000000
23000000
24000000
25000000
26000000
27000000
28000000
29000000
30000000
31000000
32000000
33000000
34000000

Feeaq,

50
50
50
50
50
50
50
50
50
51
51
51
51
51
51
51
51

MARCH

791960

DeTertminanT VALLE

3962N362
28960975
14006916
~14443435
~12914749
-~16044186

=75852227

13451677
44537749
78292284
10113937
920056726
211372505
~150924738
47402536
-10088101
-18266215

~30088625
=46456650
-68338022
-96736473
-13265142
=17702562
-23067877
=29422779
~36798777
=-45186013
«54519530
-64663598
=75393404
-86375230
-97142280
-107069C9
=11534099

81
8:
8)
8.
81
81
80
81
81
81
82
81
81
82
82
83
83

A-ZG
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JOB# 3863~1 MARCH 711960 PAGE # 13
LY
Tewe Feea. Determivant Vi ue
35000000 51 ~12092249 85
36000000 51 ~12251952 85
37000000 51 -118%3982 85
38000000 51 -10704784 85
39000000 51 -85716084 B84
40000000 51 -51770691 84
41000000 51 -19354306 83
42000000 51 67637196 84
43000000 51 - 16142810 85
44000000 51 28463099 85
45000000 51 44323787 85
46000000 51 64411477 85
47000000 51 89509903 85
48000000 51 12051225 86
49000000 ‘51 15842743 86

50000000 51 . 20439634 86
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5. Ground Instability Calculations

VERTOL HUP-2 Helicopter
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APPENDIX A-5
H-25 HELICOPTER
GROUND INSTABILITY CAICULATIONS
1. Mass Properties - without Wings
o ART
RaTaR RoTe @
- T -+
14"
:I | 5389%
@ —
b 128.0" ole 1344 ) REY 3 13

Roll Inertia - From Report 18-D-05, "Theoretical Analyses of HUP-2
Gro%nd Resonance", pags 2.007, reference 12, I o = 12 x 971 = 11,640 1b. -

sec< in., for a gross welght of 178.1 x 32 = 5740 lb.

The gross weight

of the hellicopter for the present mlssion is taken from referencs 13 for

a fully fueled helicopter without cargo as 5389 ib.

Ratloing the lnertiias

gives
To, = g;%g 115640 = 10,953 1b, sec? in.
Mass - M= g%%%: = 13495 1b. secz/in.

The empty wings are estimted to weigh 375 1b. each,

2. Mass (o) 68 — with Wings ol

The vertical C.G. of the wing fuselage assembly is

_ 538 _
7 = 20EE gy = A"

FwiD
ARatTofl

1]

| 74" ‘\A' kf':' M
\E.M‘!“Ir $H
.G 1"
@ vy @
31s® 352
- 160" > leo” g

weoivga AET

FORM 1118C (2/sn7
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The longitudinal ©.G. of the wing fuselage assembly is
A o= 2.:'_%’.)”2(*.&9 = 0.
5569 + 750
| |
+ + 1
e e (28 e 134.4"———-| !
4——")0, .
.+__ . -l_ ¢ s189*
ra" 3
4—& TR
asot

M= ﬁi%%BiZZﬁQ = 15.89 1b. sec%in.

M wing = %%2 = 0,97 lb. secﬁ/in.

Roll inertia of helicopter and wings about C.G. (locked hinge)

Wing inertia about its C.G.

-« 6o
« 90" vi ,
| /// Qb_zvs“
| |
Tl ! 252" J
I=13 22 (252-90)°

= 2133 1be sec2 in,

2a]
|

R

2
= 13.95 x (3) + 10953 + 2[%.97{(160)2 + (21)%} + 2133]

= 125.55 + 10953 + 55,320 = 66,398 1b. sec~ ine

At LIS B0 S Yk D KT LM e TS ORI LI s man.i—h}..\.j

i i et s Mk - 0 s $ ] ML £ WA ik 20 U e A WA
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3. Mags Properties - with Wings, 100% Fuel

Fach wing carries 1125 1lb. of fuel for a total loaded weight of
1125 + 375 = 1500 1b. The vertical C.G. location of the wing fuselage
assembly is now

_ 5389 x 24 = qs.."
% = 2015007 + 5389 © 4

5389; 8 .8s |
1500® > A |.
co 24 I
% + I +
[« 160 4 1500

tookKine AFT

and the longitudinal C.G. location is

FwO RATOR AT RO
7 m" L--— - I3$.4L———-——-;lf
‘33_ 5313%3%

C.o.

‘I‘f |
14"‘I$ ti’}}
300\)" “—!
L— 51.0"

combined C.G. distance from wing hinge = 2082 %80 _ 5 ,u

5389 + 3000
M= 52§§§%_%QQQ =21.71 lbo-sece/gn.
Miing = :_L_g_g_g = 3.88 b-3t<y

Roll inertia of helicopter and wing about C.G.

Wing inertia about hinge - E.A. intersection

L———Y 10”——& Aea

1
r >/_.sm

l

I=15 448 (252-90)%
I = 8533 1b. sec*/in.

I, =13.9 (8.85)% + 10953 + 2 [3.88 {(160)2 + (15.1,)2} + 8533:|=
= 10926 + 10953 + 2191440 = 231190. 1§=s5£e ern

hazhez 82.85"




e VERTOL' DIVISION S
Yo 0 e - BOEING AIRPLANE COMPANY o HUPu2

4o Jandine Sgar Geometry
Determination of the arm of the main gear

L 3
& e /
A3 c
L £
Fwo
( _'u
=y
x‘ ] -10.4 XA = 2400 ‘ ,‘ = 1702
Y@_ = -11.6 YA = -24.8 \‘e L 3 "40.4
zc_ = 3‘-4 %A = 1.0 - s a@ = 11.0
Equation of line (0
Y k3
=z = =re "
or X
X = =302 2
N = -3373
I Equation of line ABj
R = lloo Z = 11.0
a . ’ 5 org
4 5 e
17.2 = %‘ o0 %U'z + %08 :605 = -Ig.é
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.

A plane passing through CC and parallel to ground;
x +AY + .302 2 + .337 A2 =0
parallelism gives:
1(-6.8) + A (~15.6) = 0

A=6.8=- 436

15.6
Thus the equation of the plane is;
x - 0.436 Y+ 0.155 2 =0

A plane passing through AB and parallel to CC;

X-24.0 4 pg = X+ 24.8 + 11.0 A er:
-6.8 -15.6

-15.6x + 6.8 Y + 106.0 AZ + 542.5 - 1166.0 A = O

parallelism gives;

{(~15.6) (~10.4) 4 (6.8) (~11.6) = (i106.uX) (34.4) =0

) - 83.5 = -0.0228

thus the equation of the plane is;
x - 0.436 Y + 0.1552 - 36.52 = 0

therefore the distance between the above // planes is;

1, = 36.52 _ .
°© TF%32 + 1552 " 332 im.

REV
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S5e 8 e Bendl ) Floatl
Fwo
4
¥
—d 20"
Ea _ D
|
. ol
40"’ v
e S
AIRCRALT
Natural Frequency
w =15, ‘/ e wh
54 W » wherei
EI = 1250 x 10° 1b. 1n? ,
L = 252 - 80 = 172 in.
M = Total mass of wing
M, = 3352, = 9705 1b. sec?/in (0% fuel)
_ 1500 2
Moo = 320c, = 34882 1b. sec®/in (100% fuel)
'rhenz
W, =15 4/9705 1723 244.9 rad/seo (0% fuel)
W, . = 15.4 (2250 x1c® _ 122.5 rad/sec (100% fusl)
100 ¥ ~2°*/ 5 882 x 1723 )
@
x
N I e

mamss ssane Sodath




(7 :::::::’n.:\:: VERTOL DIVISION | ::::.:oNgR£.§697
i R SCT BOEING AIRPLANE COMPANY . - - -~ - - popeg |
6. Qleo Spring Rata

REV

4

e -

- ““—i gagq¥®

h

- 77.3" I
1;' - . LN} Kl . B Ay L] F;. .
(Fwd Reaction) (Aft Reactio.,

EMp = 0= F, (1773) = 5389 (26)
¥, = 790 ib./goar

Fl = 2800 1lb./gear :
Oleo properties,
Vg = 13.27 4 Vom3.50 48 V= 69,95 4
A = 4) inR Dia. = 24296 in. Rep 112
0% Airborne case -

yla 68° o

,oﬂﬁﬁ B%-m.m-

GRyUND LIMvE
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C = fi-‘f - @E%Zl) = 7466. 1be in. (constant)

2
K= %‘ﬁ (n=1 for isothermal campression of the aleo)

2
Ks - Q&,%%%:é 7466).3 82446 - 1be /in.

50% Airborne case
Assume Fo = 1241 1b,

V= %,Q = Qﬂﬂ%ﬂ = 26453 in3
o =
2 (m
Ks = ( (26.53 66) = 20603 lb./in

100% Airborne cese
For computer program purpose assumes
Kg = o1 X5 @ 0% Adrborne = 825 1b./ine
Wing oleos are assumd to have the same properties as the main oleocs,

7e Aerodypamic Spring Rate of Wing
K =1/8 pa 0, V312 =4 (147 2 10%) (5:75) (60) (172)® P&

= o1463 A2
8, Ilre Spring Rate
Ref:s 12
Main Gears One 6,00-6, 4 pr tire at 75 psi
Tall Geaxrs One 10 x 3, 4 pr tire at 55 psi

Vertical Rate Lateral Rate

% Airborne _ Main Tail Main
0 | 1575 798 630 | 319
50 1438 718 575 |- 287
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‘Q, 8 Ao [+
€, = 80 4{ = mass per unit length of wing
f =172 4n. '} = serodynamic wing damper per unit length

of wing
a. 0% Fusl in Wings -

Y =2 pa Vel (147 x207) (5.75) (60) V= L0000979 V
Case I} V = O Knots

a, = er\JY = Luf? - %(.oou)(m)l = 9498

a

A
o, = T mal’T 2 oieeay

S
u

T _ .
f/q (é'f-or)rc/r = -iC4ApL*.§g! = 16iAS
e, = F m(€atv)el = - a4.5¢

&5 = ['.i_f)osooco\/ (Cq.fY)IJr = > [(C'Q-TY)lJr ‘—'O'

ag * f’if’“*ca\/v”c/r =0
A S
¢ = EApaecivan) Bt o

o
f

8 flipouac.\r( Eurv)rdy =20

E % Po.,ac,v (ar) (5:4*\') Z.S" =0

\‘?
]

80% Lt poweivie (ayyael =0
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b.

REV

Tay = Emed =17

Case II; V = 80 Knota
T = 0,00001979 x 1§a = 0.3208
a, = 9498 |
8, = ¢4696
) = 16125
a, = =24.56
o = Y (e4'+vi¥r = 0.3209 (1100800, + 2366720 + 1696260) = 165700,
g = M = 00001979 x 1621 (1696160) = 54412
ay = PEAY = 240
ag =Y f v(eq:_t‘(’)J\«' = ,00001979 x 1621 (89.1%32 + 1696160) = 92375

s, = ) EA\"(&,,* \r)ZS’ 3;125.'76

‘0

& = } Ev@ql‘f‘).z -10.56

100 Fusl in Wings

Case III; V = O Knots

M”%‘g%il. x,i%_z_ ‘= 0224

=0,

a, = f uvrtdy n§ (.0226) (17:2)3 = 37993
8y @ {M (Eatr) rdra 64500

ag =;6=a7=:38=:a9=n10=0

BaRM i VIR

L




REV

PREPARED BY: VERTOL DIVISION

CHECKED BY; BOEING AIRPLANE COMPANY
DATE: June 1960

PAGE NO. A"E\o

REPORT NO.

MODEL NO.

R-197
HUP=-2

Case IV; V = 80 Knots

» = (,00001979) (1621) = 3208
‘l = 37992
.-2 = 1.8784
s = 64500
‘4 = -'98024
LS
a5 = .oizps J((c,,w) dv = 165700,
s, = 203208 f ¢l = 54412
W
&7 = } EAY 2 = 2404

o = »E Av(€er)28 o 2507

oo = Even) e.’= 20,56
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6. Ground Instability Calculations

Sikorsky S$-58 (H-34) Helicopter
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MODEL NO.

Grounp INsTASILATY CaLcuLfdTIOMWS
SikorsKY 8-%8 (H-34) HELICOPTER

l+ Mnass PeoPERTIES

G.W. WITHOUT FLOARTING FOEL WING

93 0o¥

M . 8300% _ 24,10 ¥Sec™/in
386

RPeue INERTIR wWiTHooT FLoaTiNng Fuel Wing

I, =582¢,9390 - 4075 sLue FTY, 48350 ¥Sec™IN. Rek. Pg, A8
13300

2. PRoOPEETIES WITH FLOATING FUEL WING (\DO%FueQ

—_ _Rovow |PLanE

. I .
y 80"
. 4; 93°‘°*,£
- 31.6 II
O S
18.4 l
.é_eogo“ L .¢.8n:m<>t
| ] 5
{
f——— 2425 — 242.5 ———=~f
| |
GW = 9300 + 2(8ooo)=25300"
- 25300 » * §eoo ot 1
M = —3-8—6—-—: 5.5 Sec /'N Mys= e = Ro,7 & s‘r’/lv
YeeT. .G, .
2 = 19300x50 . 184"
E 25300 - ‘
. 2 .
L= I, 24.10(31.¢5) + 2T, .. + 2..20.7[(19.35) +(24 2.5) ]

- Ty =48350 + 24200+ 2:182000 + 4!.4[5‘3 \3'7] —

I.=437/50 4 2450000 =2887150 ¥ Sec*-IN.
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— ' =
. I-——— 242.5 — z4z.5————-|
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38¢ 386 ™
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T4 - 106400 + 314000 .
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WiING Mpss & STIFFNESS DisTRIBULUTION (0% Fueu)

StaTion MRS g [STIFFNESS LENGTH | Radius
n M, ¥ SECA[ET, ® 1N L, N, R, AN,
\ 0.362 2soox 108 49 303
2 0.362 . 3000, x|0% 45 258
3 0.362 3L00.x\0* 28 213
4 0.058 3600, %108 28 I8s
S ©.362 3200, x\6® 4= 157
¢ 0.3862 2900.:\0° 45 12
2 0.3¢2 2200.5106 49 67
8 0.302 2200.x 0% 22 22

PionED - FREE Wine NATURAL FREQUENMCIES FROM R
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CHECKED aY;

BLADE PROPERTIES (Qm\ﬂ-.) i <

RoTor SPEED . : 0.
o= 23.M4 Ruofsee, , “ 221 RPM

Buape INERTIR “feeoT  LRG . Hinee:

Ic = 13,583 *sec i ©

® e

BLrDe ©TATIC@ MamewT AsouLT Lag Hings:

O_S = 63.47 * SEC.‘-

»
-

5. T'\Re PrRoPERTI\ES

Maiw GeEne

m s

TYPE ¢  W.OO - \2 LPLY TYPE T WECULICOPTER

TorLATion PrRESSURE @ 45-50 Psy

P " Co ]
KraTtep PressuREe SO Pwoy, (6300)

Tieg LoaDs (Pu_sSUM\NG‘ "ownLy WT oF FugELnGE Ae:rmc,)
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04 MerorRNE

? ‘9300

2Fm fdo =1L: 132"

Fr

Fracly 132, '9300% . 3570
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CHECKED av:;

DATE;

BOEING AIRPLANE COMPANY  "—°>'" R-197

June 1960 MODEL NO.

TIRE PROPERTIES (Cont.)

Tire Loads -
75% Airborne

Fy = 2300 x 0.25 - 1160#
2

WING GEAR
Type: For spring rates consider 1-24 x 5.5 Type VII tires per gear

Inflation Pressure: 145 psi

Gear Loads (100% Fuel) - Approximated to be equal to
the weight of each wing.

0% Airborne
Doy 8000#
25% Airborne
F, = 6000#
50% Airborne
F, = 4000+
75% Airborne
F,:® 20004
Gear Loads (0% Fuel)

0% Airborne
F, = 1000#
25% Airborne
Fy = 750%
50% Airborne
Fy = 500#

75% Airborne

F, = 250#

FORM 1t1i8C (3/60)
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V!RTéI. DIVISION
BOEING AIRPLANE COMPANY

PAGE NO.
REPORT NO.

A=76
R-197

DATE: June 1960

TIRE PROPERTIES

Main Gear -

Vertical Tire Rates

0% Airborne
KTz = 2560#/IN
25% Airborne
Kp, = 2270#/IN
50% Airborne
KTz = 2220#/IN
75% Airborne
100% Airborne

Wing Gear -

Vertical Tire Rates

0% Airborne (100% Fuel)
KTz = 5100#/IN

257% Airborne (1007 Fuel)
Kpz = 4900#/1IN

50% Airborne (100% Fuel)
Kpz = 4500#/IN

75% Airborne (100% Fuel)
Kpz = 4100#/IN

100% Airborne (100% Fuel)
Kprz = 410#/IN

0% Airborne (0% Fuel)

Kpz = 3800#/IN

Ref:

MODEL NO.

Lateral Tire Rates
(Assumed as % Kpgz
0% Airborne

Ky = 1280#/IN
25% Airborne
Kpy = 1135#/IN
50% Airborne
KTY = 1110#/IN
75% Airborne
Kry = 900#/IN
100% Airborne
Kpy = 90#/IN

U. S. Aircraft Tire Manual

Lateral Tire Rates

2550#/IN

]

K1y

2450#/IN

=
=

2250#/IN

5
o

2050#/1IN

3

205#/IN

)

KTY = 1900#/IN




REV

PREPARED BY: PAGE NO.

A VERTOL DIVISION
BOEING AIRPLANE COMPANY '

CHECKED BY; REPORTY NO.

DATE: MODEL NO.

June 1960

A-77
R~197

TIRE PROPERTIES (Cont.)

Wing Gear -

Vertical Tire Rates Lateral Tire Rates

50% Airborne (0% Fuel)

Kr = 3500#/IN Kpy = 1750#/1IN

100% Airborne (0% Fuel)

Kp = 350#/IN Kpy = 17504/IN

Goodyear Test H-70 6-10-1958
Goodyear Test

Vertical Rates:
Lateral Rates:

6. OLEO PROPERTIES

Wing Gear - For properties consider the Vertol YHC-1lA main gear oleo.

A, = 7.06 IN? Z, = 2.0 Vo = 24,
Py [vo + Zg Ap] = Wstatic (1-%) (2Z A, + v-c:,]
Ap, Piston Area Ps, Static Pressure '
Vo, Trapped Volume Fs’ Static Load

Z Static Stroke Position Z , Stroke Position

% Airborne
F, [2+zs] -F, - z+é:\

2+2 = (1-9) [Z+2]
z =25t2_ 2

L
Let Zg = 2.0 For 100% Fuel Loads
4
Z g ]_.—‘-’z - 2
Oleo Spring Rate,
2 Pg AE Zg 4 Fg
K = =3 2 T3
274222 2 ZH4ZH

From Oleo Analysis for Vertol Model 107.

FORM 1118C (3/60)
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CHECKED BY; REPORT NO, R_197

Sl by BOEING AIRPLANE COMPANY

MODEL NO.

£

OLEO PROPERTIES - (Cont.)

Wing (100% Fuel) - Gear loads consider total weight of semi-wing.

0% Airborne

Zs = 2.0 In.
K= 4x8000__ . 32000 _ . 2000#/IN
4+ 8+ 4 16

25% Airborne

z= 4 - 2=3.33 1IN
.75
32000 _ 32000

= = 1120#/IN
11.1+13.3+4 28.6 /

50% Airborne

Z=-% .2=6.01IN
'S5

K = 32000 = 32000 . soo#/1IN
36+24+4 64

75% Airborne

z=5%_2 =14 IMP
.25

Zoye = 11.0
K = —32000 = 32000 _ ygo#/1N
121+44+5 169

Note: The oleo spring the smaller of the oleo, tires series combination
controls the combined vertical rate of the wing. Therefore, the effective
vertical spring of the wing can be adjusted by changes in the oleo only.
Wing (0% Fuel) 0%, 50%, 100%

Z=11.0

K = 189#/1IN

In order to eliminate bottoming of the oleo assume that a mechanical
spring with a rate of 500#/IN engages at Z = 10.0 IN.
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REPORT NO. R_197

MODEL NO.

OLeo PerorgrtTieEs

Wine (1oo°4 Foeu )

0% 2= 2.0

K= 2000%/iv
25% Z2=3.3

K= 1120 %/ in
"S0% Z= 6.0

K= Soco¥/in
5% 2= 10.0

K=5Soo%/ip
loo % Z= 0.0

K = soo*/iv

WIinG@QLeo LatT BenpiNnGg

S-r\wuess(icmw. SPRING AT GRouMD LlNE)l

—

WinG (0°/e FUG\.B

0.0
SO0 /1w

Z .
| 4R}

Z=({0.0
K:SDO’/IM

Z210.0
K=9%co0*/iv

|

WiNG (oo °A Fotu\

0% K=zl2L20c0o %/ |n
25% K=*9900 */,

50% K = 8000 *n
75% K= 3200 %/
100% K= 3200%/0

Wing (100 */s Fue.,\.)

oY, K 2‘(\2000‘)(255'0) - 2106WN
4750 ,

257 | .{(3300)(2450) ._~1 960 #/im
12350 th

S0% e (B000)2250) o /746 PN
' 702 80
5% Kw{B208)(2050) . o 1256V
| 52506

3450

100%. K={(3200)(205): w /22 UM

. REFE. YHC-IA CRALCULATIONS
Wing (0% vuoed)

K= 3200%hu

K= 3200 */w

Kz 3200 ¥/

EQuiv. LaTt. GERT ST\ rERRSS (Rbome Thue Lat, Genw Avo Laty Tiet )
SPRINGIAS R

SERIES SPRING SYSTEM
wing (0 % Fuel)

Ko (32091908 _ 990 w/m.
(5le0)

K= (3266 X 1150) - o w30 #UN.
750

= (3200)025). Lpp#in,
K S2 179 AN,
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A-81

REPORT NO. R_]_g 7

MODEL NO,

Spring Rate

OF
K =2F
Sz
= 2V
11.2-2
2F _ _ PV(~1) o PV
>z (11.2-2)2" "(z%-22.4 z + 125.9)

For 0% Airborne Z=9,25
12000 1209

= = = 2930#/IN
85.6~207+125.5 4.1
For 25% Airborne Z = 8.75
- 12000 - 12000 -
76.5-196+125.5 6.0 2000i/TN
For 50% Airborne Z =7.50
56.2-168+125.5 13.7
For 75% Airborne Z=4.0
= 12000 3 12000 _ 231#/1IN
16.0-89.6+125.5 51.9

For Fully Ext. Oleo Z = 0, 83% Airborne

K = 12000 _ ge/1IN

125.5

Main Landing

Gear Basic Dimensions

0%

X, = 22
Xp= 33
Z, =13
Z,= 31.
Zs= 84.
€ = 72.
€= 64.
€,= 35.

.o" L

Ref. Pages A-17, A-18, A-19
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N
o
T

50%
X, = 19.3"
b A 33.0”
2,2 13.0°
2, 324"
231853

75 %
- Xy = 158.8
X, = 33.0”
Z, = 13.0"
2,2 354"
2,:884"

"

loo %
X, = 1.0"
X, 33.0"

2% 1300 1o

21 s 39,0”
23t 92,0

f

€,
g
€ao

W

[T

n2.6"
c4.0"
35.0"

L )
- [|43_+ 5080 +e4|] i 99,9

€, z72.0"
65 =(:4.0~
&o = 35.0"

‘ X v
L=[|BS 4 5230 & 64!] =z 79.2

e‘ < "Z.Q‘
€g* 64.07
oy Co = 35,0.

0 A ."
L;[zsc. + 5680 + 84\] . 82.6

€, N2.0"

€y~ £4.0”7
’60‘ 3s5,.0"

L,[4 84 + (,256-\-

]\:4,;_ 8.5.0"

fo, CaLcuLhTIiON

Peoe.

0% NiRBORNE
* = (-Dm-‘}_‘_’i-:&

2{3"£|

K'L H tua?‘...f::a.:_é.i’ = tﬂﬂ":'
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S\N K‘ - 0.'53
Casg X, = 0.988
Con X+ ® 0.936

Q.. X Cosx, +(22-2) sin Y

s

S AT ST 1.
7

1Y _TM-|.375

22(.288) + \ag\és)

Cos .(1

¢ . 2L7 + 2.8
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26.2"
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.C.°S¥| '.386
COSXL‘|S37

Qoo X1Cony, +(2-X)oumnYg
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L.« 20.5 + 306 . 237 . 25.1 PEOYT
ECFT EE R

SO0%  AIRBORNE |
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7. AepopynAMIc W ing DrmPing TerRms

NOUMERICAL VALUES CONSIDERING TWHE PLRw FoRMm
THE W-21 Con FIGURATION,

O.141 107 * sect/in
Qoo , LIFT CouvrFriCienT = 5.75

Co, Wing Cwowrpd = 1344 10,

€4, Wing OFFSET = 80.0 »,

L, Wine SPan T 32S5.0 \n,

V, Forwwreo VELOc Ty

C‘%L - -,‘Ee%c\o V

[ ]

P. AR Dewnsity

Ve

Ca

\

- jix0.1147x\0-‘,‘5.75, 1344, V « AR

Cac = 4420107V ani

LS

V=0

Ca =0

V= 20 Knexs

Ve 20 Kooty 1.V8\6 MPH , S180312 8, _¥®
FeorT Miue JeoadiC

V. 20, 20.3 = 4061w /sec
Cae =44.25 160%7406 = 1,795 « \oi?.'.«;*‘S'éV?N‘

i

V= 40 K povs : A

V=40,20.3 = 8\2. \n/szc

Cai*44.2516%x 812 = 3.53 =10, ¥ s /in

|
V2 0 Knots |

V: LOx 20.3 = 1220 n/suc, - !
CCa A 20 X 1220 = 540 x0T Secint

V = 80 KnoTs

Vs 80x 20.3 - |25 \w/5EC,

Cal ® 44,2 210°° 21028 = 218107 ¥ See /in®
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jﬁ Acroprimamice Wing Damewwe Teewms

Ca [Mtso(szs) d 80(315}“‘ + S3§—5)3']

- (‘_;__[2.0’5 4+ 8495 "+ 11, 4% ]‘\o“

&
Qg = 21.38,10C4

= EC\;L]IL'Y- = C%gkn_"cbl

o

O-Q_} - Ci __;L;-_ - ll.45x\OhC;
W >
0*-'7 ZC-’&\ zwi
4
O\q = \5545 C{_

T rowm winag RwRLy 5%
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Zc_h(eq v ) iz S@Hn) dn
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St w bYC o 2‘&?; 'zt‘V)L AN :":(w')‘ '7\»‘;.3 ney
1 44,5 303 1.000 .8600o 303,00 44.%0
2 4%.0 259 0.288 0830 74.20 3.4
3 45.0 2\ . =00ad J\os0 -L3.00 4.7
4 1Hh.o 125 -O.b\ b ABoo - i14.00 4.18
5 4s.0 15" -0,82%3 <780 -\{2%.00 Jo.50
I3 45,0 (R R -0.236 8760 -los.00 39.50
7 45.0 Kyl - 0,143 .5520 =~ 4840 24,80
8 44,5 A ~0. L8\ 0730 = 6.12 3.5\

Ewe bl
\ 44,5 2.-23). SYN
2 12.985 15545
3 = 14,60 .
4 = 613 T b = —=88.34
5 =« 37%I0 ¢
L - 42,00
7 - 3340
8 « l2.50

REFPOMT NO, R_,197 [

R

- 3100

J)
xS i(v:n' DL
13500
3340

- 12585
- S8oo0
- 4730
- 2180
- 278
Tec ) ol
~-500




e

PREPARED BY;
CHECKED BY;

DATE: June

PAGE NO. A‘ 81

VERTOL AIRCRAFT CORPORATION rerorT No. R-197

1960

MODEL NO.

)
Regopymamic Wing Dameise Te®ms,

N

}

0~\°i = Z c;(_ n'..‘. "ZwL
e

Qg 3 2 Caleqrndng
{

ea\ 4 -\_-1]
2 3

bae

- *
805325) +

e

Qg = Caf 422 4 1A

Qg = 15.67 x\0° Cy

Wy

- S00 Cy

= Ca g‘(e“n 4 n ‘) dn

W

Qs = Z Cav (64 ‘\"ﬂi) Zyl . o=
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Ca [Z €4 233;_ ACC 4 ZJ'LL.-?.wL b.n]i
¢ < '

a3"= Cy [80(—88.34) +( soo)]'

L 4
| ]
}
Qs s '2
Qi 3 -

Prdieis el e

1.98 x 16 Ca

O, = 1145 x10° Cq
L O = 15545 Cq

Qg = 15.67»10%Ca

Soo Cy

Qg * —0.761 x16' Cq
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Pepopydamic Wing Dampivg TERWMS

Y=20 Kncn-__s_‘

Qg = za.sag\o“ X 1.795 x10"* = 39.5x10°
O = I'I.“\Shi‘t‘r"‘lO"xl.").SS x\o”" 2 20.5 ,.|°*

Qg £ 15545 % 173510 = 2.93

Qg = 15.67210°x)795 "ot = 2801 w100

Ag *-0.761x 1817958107 = = 13650
Q,, * —S500x\.735x10"" = — 8,98

V240 KnooTs

(s *20.98 %104 3,59 516" = 73.050°
@ = NAS % 10° 3,59 %10 = 41 « 0%

155.45 x3,58x10* = 5.55

X

O *15.67%10° x3.58%10™" = S(.2 10"
Qg = =076 %13 * 253%™ = = 2,74 xlo”
Oe = —500x3,53%10° = =79

)
V= 6O KpoTs

Og = 21,98 x106%« 5,40x10"" = 18,5 x10°

O = 145 x10°¥ 5405107 = 1.7 %13
O = 155.452 5.40«107" : 8,39

Og: 15.67 54010 %10": 84,5 x 10"
Qg == 0761510 ¥ 540407 = =4 41 x\O"

O.p7 =500 54D x10"" =-27.0
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Aceovynamiec Wing DaAmping TEBWMS

Vz 80 KunoTs

Qg = 2L.38x10° % 718 x> = |58 1O

Q= 14510 x718:16* =  82.4 6

Oq= 15545 x 7184 167" = (115
i Qg = 15,67 %x10° X 21815 = 112.5 x lo4
Og= = 0.7¢1x10" 218 xI6> = = 5.4Lx10™

Qo= — 500 « %iBAIO" =-35.9
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PLANEFORWM OF °“THE

™

Wi ve
266000
|3 2000
131200
Iss8so
71 100
36 3 c0O
I3ocoo0
400

St T7263%8

Zr»'d‘i}:*z 9,925 I Mir=3388.0
Em i s —5.534

8

NOUMERICAL VYALUES CONSIDERING THE
: H«'zpu CONFIGURATION
FRom WING ANALYSIS - o .
- BTN i o My - we e
| 303 2.832 ¢ \.000 91300
2 2s8 2.882 ©.288 (6500
3 213 2.822 -0,324 45400
4 185 0.4¢3 -0.616 14200
s 159 2.832 ~0.823 24 00
A "y 2.891 -0,936 12550
4 7 2.892 -0.143 4490
8 22 . 2.892 -0 28| 484 ,
20" M0 mre i mow e
r) \.000 2.8 < ‘876.0 2.890 g76.0
2 .083 240 n4s.0 0.831{ 217.0
Jetha .108 304 . ¢lIL.0 -0.93C =-200.0
4 .380 AT 85,5 =0.285 = S2.7
s . 678 1,960 454,060 ~2.380 -374.0
¢ 874 2.530 324.0 - 2.100 =-304.0
7 . 5512 1.598 1a4,0 =2,1406 -|44.0
i 8 N-LX ] ,228 3.8 -0.814 - 17.8

SRS zN26850
[

e

a., 95 MiZwe 925
<

Ope I hi(Eavn)nl = Thi€qni + Shini
L) ¥

W)
2w

(8

04 = %hc (eq+ni) 2. 2 €4 ‘éh:

a4+ 80(-5.534) + 13¢,8 = — 442,72+ o©
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WiNG Mass TeERMS (0% FOEL).

Tue "EMBEYTYHWING MRSS TERMS
BRATI®O ©F TOTAL WEIGWTS AS

Can BE OBRTAMWED FRowm THL
DISFRIBUTIONY SPAN'WISE SHAPE

TTHE t™MoODE S HAPRE AND WEIGHT
ARE: SIimiLae
a., = 1090 Q. = Lx726850 . 1908550
o/ 8000 \ooY, 8

QIBMO_O-\'

= Lx38.925 . '1.24085
o4/ 8000 (s0%A 8
Oy = 3000 o, . Lx 995490 . /24, 450
0% 80060 \sav, &

a 2000 L l—4427) - -55.3
o". . 8000 Ol.:o% = E‘( )
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% _AgrobynAMIce - SPRING ‘.v‘w'-ﬂ(‘l-'t‘-u WING PLANEORM)

Kuw = P O Co VLY

pno sl FSe L\
Sh L 50'75 L

Co = 1344

L =,'.32-5'.0n ‘N ]

U

Kew = 'é".’"b",\*?l.‘d"(» 581344, (328)° VT

Kaw = l..l'?OZ‘x.."* ;#,'Se“"‘/m:

\«% - "
(2 20 Knols o,

Kaw = ;.;l‘(O,( 406 ) = 19.3 ;;6‘*.’ IN-W )ann.

V: 40 Knots

Kow = |.\70‘(8l7-)\ = 722 glO‘ W-¥%/pap,

V: 60 KnoTs

Kew 11706 (1220) = 114 15 e /o,

V= 80 KnoeTs

Ihev

Nawz 1170, (1625)" 2 309.0516' in-w /Ban
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Ao

SIKORSKY S-58(H-3L4) PARAMETERS
Furnished by
USA TRECOM AERODYNAMIC DIVISION

a. Mass and Geometric Characteristics

b. Blade damper characteristics (pr 3.68 C.P,S. rotor speed)
c. Landing Gear Oleo and Tire Characteristics

d. Blade Mass and Stiffness Distribution

Additional details on Sikorsky S-58(H-34) Structure can be
found in TO-IH-34A-3, "Structural Repalr Handbook."
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——

a. Mass and Geometric Characteristics

m = blade mass = 230#/386 = ,596# sec’/In.
n = No., of blades = L blades

e = drag hinge offsett== 12 inches

= = rad, _
Nl = rotor speed = 23,14 B 221 rpm

M = ship mass = 13,300/386 = 3L.46# sec.2/In.

T 2
C, = oleo damping = F/y2 = 1,6847 f:eco

ip = blade moment of Inertia about lag hinge = 13,553# In sec.

"

] = distance from drag hlnée to blade center of mass = 116 in,

2

14 = ship roll moment of inertia = 5,826 slug ft.z = 69,912# IQ

sec.

s = blade static moment about lag hinge = 2,041,9! fy . # =
63.473# sec.
W, = blade pendular frequency about lag hinge = 5.486 ;22- -
52.39 rpm

e st T
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c, Landing Gear and Tlre Characteristics
TIRES
MAIN TAIL
11.00-12 6 ply 6.00-6 6 ply
Type Type |1} Hellcopter Type 111 Hellcopter
Max. wldth of
undeflected tire 11.6" 6.85"
inflated pressure L5-50 L4o-45
(28# for floats)
Rated pressure 50 psl (6900#) b2 psl (1750#)

See NACA TN L4110 for determlnatlon of vertlical and lateral tire

spring rates,

R

AL a4 . X8
WL .

|

|

)
&,»

T k. ok < o)

STA!O/
WL=2/77 —— STATIC
o8,

.} ~

AT LI PETY T o
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MODEL NO.

COMPARISON OF MEASURED MODEL
TO CALCULATED WING DYNAMIC

CHARACTERISTICS

A scale model of the proposed wing for the H-25 subjected to a relative
wind velocity of 85.0 knots in a wind tunnel, Reference 14, exhibited a
resonant frequency of 8.65 cps and a damping ratio of 0.08. The model

was scaled as follows

_ 1
LModel - 9 LActual
3)
Mvodel 5) Mactual
where;
L is a representative length dimension
and

M is total mass of wing

The single degree of freedom system representing the wing, without external

forces, is defined by the

where;

Xw

Cc

A dimensional analysis is

second order equation of motion

= rigid body flap motion of wing about skew
hinge line

K\ %
= natural frequency =(T>

C
= damping ratio = ————
S 21U,
= wing aerodynamic spring
= wing inertia about hinge

= wing aerodynamic damping

performed on the above parameters as follows:

1) Wing aerodynamic spring

K = _18..pa00002 v‘2 L2 [

g —% sin? & o+ -g—o cos J’o sin oyo]

Ref: Page B-21

FaRM 1118¢ (3/60)




IREV

PREPARED 2Y:

CHECKED BY:

VERTOL DIVISION
BOEING AIRPLANE COMPANY

B-52
R-197

PAGE NO.

REPORT NO.

pate: June 1960 MODEL NO.
TR R
therefore
= 2 2 2 . .2 22
Ractual Lpag (€)% vEOIL)" |- 1 sin {+ (9Cy) cosJ’o siny:Y
8 (9L) g

or

Kactual™ (9)3 Rnodel

2) Wing inertia about hinge

I =Mra x

thus 4
Tactual = DAM(90)2 = () Tyogey

3) Natural frequency
Kactual
Actual = 1kct;;l

or

= radius of gyration

=‘(9)3 KModel |3
L(9) IModel

1
W, Actual = 3 W) Model
4) Wing aerodynamic damping
c=1 2 ;2 . o
1 pa, Coc L - cosXo 51nX0+ 8/L coszz}/o
16 3\C
o
- Ref: ©Page B-21
thus
CActual = _1 pag (9Co)2 (9L)2\;‘ cosé s_indl/) 8 (91) .
16 3 (9Co) cos‘d;
or
Cactual = (9)* CModel
5) Damping ratio
{3‘ Actual = _CActual = (9)%4 CModel
2Ipctual (W, Actual 2(9* Iyodel X _;_LA]AMOdel
or
§ Actual = 3 § Model
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Thus, converting the Model characteristics,

[

Actual 1/3 (8.65) = 2.9 cps
Actual = 3 (0.08) = 0.24
The above parameters calculated from data found in the appendices are,
I = %al, C = %a6

From Page A-65; airspeed 80 knots, wings full:

37,992 #-sec2-ip2

al =
ag = 54,412 in-#/rad
sec

K. = 384,400 in-#/rad
Wn = (K 2% = 0.72 cps

(3531 )
ﬁ = X%ag = 0.16

2(3531) =

wamse svean (2/a0)
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